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PREFACE. 


substances  which  are  unofficial,  and  not  so  often  met  with 
pharmacy,  and  the  new  remedies,  the  proposed  new  spelling  has 
been  adopted.  It  is  by  no  means  certain  that  the  reform  spelling 
of  chemical  terms,  as  suggested  by  the  American  Association  for 
the  Advancement  of  Science,  will  be  accepted  by  chemists  in 
other  English-speaking  countries,  and  as  physicians  and  pharma- 
cists will  use  the  s[>eliing  of  the  Pharmacopceia  for  at  least  ten 
years  to  come,  the  author  felt  justified  in  this  somewhat  incon- 
sistent plan  of  a  gradual  change  to  the  new  spelling,  instead  of  an 
abrupt  one. 

That  students  tnay  become  acquainted  with  the  proposed 
changes,  the  rules  for  the  new  s[>elling  will  be  found  published  in 
the  Appendix  Teachers  are  advised  to  cb.\\  especial  attention  to 
this  subject.  Especial  attention  is  directed  to  the  useful  tables  to 
be  found  in  the  Apf>endix.  The  tables  of  equivalent  weights  and 
measures  and  the  table  of  solubilities  are  especially  full  and  valu- 
able for  reference. 

The  author  desires  to  acknowledge  his  obligation  to  various 
authors  whose  works  he  has  freely  consulted,  although  the  list 
would  be  too  long  to  mention  here.  He  is  especially  indebted 
to  Allen's  "  Commercial  Organic  Analysis,"  Haliburton's  *'  Text- 
book of  Chemical  Physiology,"  Hammersten's  "  Physiologischen 
Chemie,*'  dautier's  "  Cours  de  Chimie,"  Lea's  "  Chemical 
Basis  of  the  Human  Body,"  Helbing's  "  Modern  Materia  Med- 
ica."  He  is  indel)ted  to  Leffniann  and  Beam's  "  Milk  Analysis" 
and  **  Water  Analysis,"  for  several  cuts  of  apparatus,  and  to 
Landois  and  Stirling's  •*  Human  Physiology,"  from  which  a 
number  of  cuts  have  been  borrowed. 

He  would  also  gratefully  acknowledge  the  many  suggestions 
received  from  teachers  and  others,  who  have  pointed  out  tyjx)- 
graphical  and  other  errors  in  the  third  edition. 

The  reception  accorded  to  the  last  edition  has  stimulated  the 
author  in  the  preparation  of  this,  and  he  ho|>es  that]the  effort  made 
to  make  it  a  useful  text-book  will  meet  with  approUition, 


Brook  I. VH,  S^/*//tnfier^  tSt^s 


E.  H.  n. 
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It  has  ieen  found  best,  in  the  author's  past  exptrience,  lo 
present  the  eleiiienlury  theories  of  Chemistry  before  entering 
uixin  the  natural  history  of  the  elements  and  their  compounds ; 
and  this  has  been  done  as  clearly  and  concisely  as  possible  in 
Fart  II,  giving  only  what  was  considered  necessary  to  the  i)roper 
understanding  of  all  the  facts  to  be  presented  in  the  later  parts. 
The  subjects  of  Notation,  Nomenclature  and  Chemical  Reactions 
have  been  dwelt  upon  as  of  first  importance  to  the  student. 

In  Part  III,  the  natural  history  of  the  Elements  and  principal 
compounds  are  briefly  presented,  with  their  physiological  and 
loxicological  bearings. 

In  Part  IV,  only  those  organic  compounds  are  treated  with 
which  the  physician  will  be  likely  to  meet.  The  space  that  could 
be  given  to  this  part  necessitated  very  short  descriptions.  The 
A[>i)endix  contains  some  tables  and  analyses  which  will  greatly 
enhance  its  value  as  a  reference  book. 

The  Chemistry  of  the  tissues  and  secretions  have  been  omitted, 
as  belonging  to  the  domain  of  physiological  chemistry.  It  would 
be  impossible  to  mention  all  the  works  upon  which  the  author 
has  drawn  for  his  facts. 

Besides  the  credit  given  in  the  text,  he  wishes  to  acknowledge 
his  indebtedness  especially  to  Cooke's  **  Chemical  Philosophy," 
Barker's,  Richter's,  Witthaus',  Fowne's  and  Rand's  text-books; 
De  Watieville's  and  Jenkins'  books  on  electricity  ;  Prescott's 
"Proximate  Organic  Analysis;'*  Wurtz'  '*Dict.  dc  Chimie," 
and  "  Chemie  Biologique;"  Charles'  '' Physiolog.  Chem.  ; '* 
Schorleramer's,  Strecker's  and  Pinner's  "Organic  Chemistry," 
and  the  **  U.  S.  Pharniaco|>ana."  I  would  here  express  my 
thanks  to  my  friend  and  assistant,  Dr.  W.  M.  Hutchinson,  for 
valuable  assistance  in  preparing  the  work  ;  also  to  Mr.  W.  11. 
Kent.  Ph.D.,  for  similar  assistance. 

As  this  work  is  prepared  especially  for  the  medical  student,  it 
is  to  him  that  I  shall  trust  for  its  reception,  hoping  that  the  labor 
I  have  bestowed  upon  it  may  help  to  lessen  his. 
Brooklyn,  N.  Y. 

&yv.  lit,  /aSj. 
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MEDICAL    CHKMISTKY. 


Matter  exhibits  certain  propertits  which  are  common  lo  all 
bodies,  and  which  nre  therefore  railed  the  general  properties 
of  matter;  such  as  iiidestrnctibiliiy,  impenciraLility,  divisibility, 
mobility,  gravitation,  molecular  attraction,  chenusm  and  inertia. 
Specific  properties  arc  such  as  are  observed  in  certain  bodies 
only;  such  a.s  tolor,  hardness,  fluidity,  transparency,  etc. 

Matter  is  Indestructible.— What  we  generally  term  de- 
struction is  mertly  a  chan^'c  of  form.  When  wood  burns,  it  is 
only  changed  into  invisible  gases  which  go  off  into  the  air. 
These  g;ises  may  be  colltcied,  and  by  analysis  we  may  get  back 
the  elements  of  the  wood  again.  VVhatcver  changes  we  may 
produce  in  a  I'ody  or  ma5s  of  matter,  we  can  neither  create  nor 
destroy  one  j>&riicle  of  it;  the  same  weight  of  matter  remains 
after  the  change  as  before. 

Matter  is  Impenetrable. — That  is,  two  portions  of  matter 
cannot  occuj>y  the  same  place  at  the  same  time.  Strictly  speak- 
ing, this  applies  only  to  the  ultimate  particles  of  a  body.  In 
many  phenomena  bodies  do  seem  to  penetrate  each  other.  For 
instance,  the  volume  of  a  mixture  of  salt  and  water,  or  of  alcohol 
and  water,  is  less  than  the  sum  of  the  volumes  before  they  are' 
mixed.  In  these  cases  the  penetration  is  only  apparent.  The 
penetration  of  the  water  by  the  salt  is  due  to  the  fact  that  water, 
like  all  other  bodies,  is  jiorous;  that  is,  it  has  spaces  or  inter- 
slices  between  tlie  nlttniatc  particles  of  which  the  mass  is  com- 
posed, wltich  are  unoccupied  by  matter,  and  into  which  the 
particles  of  5iali  crowd  themselves. 

Divisibility. — Three  divisions  of  matter  are  recognized  ;  viz. : 
masses,  molecules,  and  atoms. 

A  mass  or  body  is  any  distinct  portion  of  matter  appreciable 
to  the  senses. 

A  molecule  fa  little  mass)  is  the  smallest  particle  of  matter 
that  can  be  obtained  by  subdividing  a  mass -by  mechanical  or 
physical  means.  It  may  also  be  defined  as  the  smallest  i^rticle 
of  matter  that  can  exist  in  the  free  or  uncombined  state.  A 
molecule  of  chalk  is  the  smallest  particle  of  chalk  that  can  exist. 
The  molecules  are  too  small  to  be  seen  by  the  aid  of  the  m^st  pow- 
erful microscope;  their  size,  however,  is  approximately  known.* 

An  atom  is  the  smallest  particle  into  which  any  given  kind 
of  matter  can  be  divided.  The  atom  is,  as  yet,  a  hypothetical 
body.  It  is  one  of  the  component  parts  of  a  molecule,  and  the 
smallest  panicle  that  can  enter  into  the  formation  of  a  molecule. 


■ 
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The  density  of  pure  air  is  14.44,  '•  ''•t  air  weighs^  volume  for 
volume,  14.44  times  as  m-.icli  as  hydrogen,  both  gases  being 
weighed  at  the  same  temperature  and  under  the  same  pressure. 
Density  is  a  very  imporiant  factor  in  the  study  of  chemistry,  and 
should  be  well  understood.  The  sp.  gr.  of  solids  may  be  deter- 
mined by  first  weighing  the  body  in  the  air.  and  then  in  water  at 
the  re<iiiircd  temperature.  This  is  done  by  suspending  the  body 
from  one  beam  of  a  balance  by  a  thread  or  fine  wire.  To  weij^h 
in  water  it  is  only  necessary  to  place  a  vessel  of  water  so  that  the 
snspended  body  may  hjng  in  the  water,  or  float  upon  it.  A 
body  which  sinks  in  AArater  displaces  a  volume  of  water 
equal  to  its  own,  and  loses  a  weight  just  equal  to  the 
weight  of  the  water  displaced.  The  loss  in  the  weiglit  of 
I  he  body  when  weighetl  in  waier,  will,  therefore,  be  the  weight 
of  its  own  vohinie  of  water.  By  dividing  the  weight  of  the 
body  in  air  by  the  loss  of  weight  in  water,  the  sp.  gr.  is  obtained. 

Thus,  »upixise  s  body  weighs  6.aoo  grms.  in  air,  niHl  3.100  gnns.  in  wnter. 
Tlic  loss  of  weij;lit  in  watrr  i.t  6.200  —  3.100=^  3I00  grms. ,  which  represents 
ihe  wciglu  of  the  walcr  clisplAcc<l  by  ihe  Ixnly,  or  ihc  weight  of  its  volume  of 
wn(er.  The  s(M:cif)c  gravity  of  tlie  body  wilt  then  be  found  by  dividing  its 
weight  in  air,  or  6. zoo  griav.  by  the  weight  of  an  equal  volume  of  water,  or 
3.100  gnns  ,  giving  a  specilic  gravity  of  2. 

When  the  lx>dy  in  question  will  not  sink,  we  may  attach  a 
sinker  to  it,  whose  weij^ht  in  air  and  loss  of  weight  when  siis- 
{lended  in  water  are  known.  The  weight  of  the  body  in  air  is 
taken,  the  sinker  attached,  and  both  lowered  into  the  water  and 
again  weii^hcd.  The  losi  in  weight  will  represent  the  loss  of 
weight  of  both  the  solid  and  sinker.  Deduct  the  loss  in  the 
sinker,  and  the  remainder  will  represent  the  weight  of  a  volume 
of  water  equal  to  that  of  the  body  in  question,  wheiice  the  s^>e- 
cific  gravity  miy  be  found  as  above.  Bodies  which  are  soluble 
in  water  may  he  suspended  in  some  li^juid  of  known  si>ecific 
gravity,  in  which  they  are  insoluble. 

Thus,  In  it  be  desired  to  obtain  the  specific  gravity  of  a  lump  of  cane  sugar. 
Suppose  it  weighs  in  air  100  gmis.,  and  in  oil  ofiur  eniinc  (sp.  gr.  .S7)  45.62 
yrnis.  Los5T=ioo — 45.03  =  54.38  grms.  loo-t- 54.38  —  1.84  as  the 
sp.  gr.  rcfcircd  to  turpentine.  Multiply  this  resuU  by  .87,  the  s\\  gr.  of  the 
lurpentine,  ami  we  have  1.60  as  the  true  sp.  gr,  nf  the  sugar. 

Tlie  5p.  gr.  of  a  powder  is  obtained  by  partly  filling  a  small 
flask  or  bottle  with  it,  and  weighing  both  :  the  weight  of  the 
empty  flask,  as  well  as  the  weight  of  water  it  will  contain,  hav- 
ing been  previously  ascertained.  The  flask  is  then  filled  up  with 
pure  water  and  again  weighed.      The  diflerence  between  the  last 
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Ight  and  the  first  will  lie  the  weight  of  the  wafer  in  the   flask. 

'he  difference  Uelween  this  weight  and  the  weijihl  of  the  water 

the  flask  will  contain  when  full,  will  give  the  wei^'ht  of  the  water 

displaced  by  the  powder,  from  which  the  sp.  gr  may  be  obtained 

as  above. 

The  specific  gravity  of  li(iuids  is  obtained  by  means 
of  the  flask  above  mentioned,  called  a  picnomctcr  or 
specific  gravity  flask,  made  lo  contain  a  ctrlain 
numlier  of  ^jrams  or  grains  of  water  at  a  icniperatnre 
of  60°  F.,  its  ca|)acity  being  marked  iif.on  it.  (See 
Fig.  t.)  To  take  the  sp.  gr.  o\'  a  licjuid,  it  is  only 
necessary  to  weigh  the  flask,  filled  with  the  lii|iiid  in 
Cjufstion  brought  to  the  requisitt-  teni]>craturc,  deduct  the  wci|»hl 
of  the  flask,  and  divide  this  result  by  the  marked  contents  of 
the  flask.  The  specific  gravity  of  liquids  is  frequently  deter- 
mined niso  by  an  instniment  called  a  hydrometer. 

Hydrometers  are  long  narrow  gla!w  or  metal  tubes, 
having  a  chamber  near  the  bottom  filled  with  air,  to 
make  it  float  upright,  and  a  smaller  one  t>elow  this  con- 
taining enough  mercury  or  small  shot  to  sink  it  to  a  con- 
venient depth  in  water.  The  hydrometer  (see  Fig.  2) 
acts  ujwn  the  princi))le  of  Archimedes,  that  a  liody 
sjjccifically  lighter  than  a  liquid  sinks  in  it  until  it  dis- 
places a  volume  of  liquid  whose  weight  is  equal  lo  its 
own,  when  it  becomes  stationary.  The  long  narrow 
stem  composing  the  upper  end  of  the  instniment  bears 
a  scale  indicating  the  specific  gravity  by  the  de|.lh  to 
which  the  scale  sinks  in  the  liquid. 

Hvdromeiersare  of  two  kinds:  (i)  for  fluids  heavier 
than  water,  and  (2)  for  fluids  lighter  than  water.  Special 
hydrometen^  are  constructed  for  use  in  certain  si>ecial 
liquids,  and  some  with  an  arbitrary  scale  giving  arbitrary 
degrees  and  not  S|)eciric  gravity. 

The  Twaddell  hydrometer,  for  example,  used  for  licjuids 
heavier  than  water,  is  so  graduated  that  the  degrees  on  the  scale 
multiplied  by  5  and  added  to  1000  give  the  b|>ecific  gravity  com- 
fiared  with  water.  The  Lactometer  is  a  hydrometer  with  a 
■wale  si>eclallv  constructed  for  the  examination  of  milk.  The 
Urinomctcr  is  a  hydrometer  whose  scale  is  made  to  include 
the  vart.itions  in  5i>ef  ific  gravity  found  in  urine 

To  rlctcrmine  ilie  si»ecific  gravity  of  liquids  with  the  hydro- 
meter, it  is  only  necessary  to  drop  the  instrument  into  the  liquid, 
which  must  be  at  the  leuiix-raturc  for  which  the  instrument  is 
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constructed,  which,  in  this  country,  is  usually  60**  F.,  and  then 
read  off  the  specific  ^f^vity  on  the  scale  at  the  surface  of  the 
liquid.  (See  Appendix  for  table  of  sp.  gr.  of  chief  liquids  of 
U.  S.  P.) 

Molecular  Attraction. — Molecules  attract  one  another, 
as  well  as  masses.  When  molecules  of  the  same  kind  attract  one 
another,  they  form  a  homogeneous  mass,  and  the  force  acting 
between  them  is  called  cohesion ;  when  th^  molecule  are 
unlike  it  is  called  adhesion.  A  body  on  being  thrust  into 
water  comes  out  wet,  because  the  water  adheres  to  the  body ;  but 
if  you  attempt  to  pull  it  apart,  cohesion  keeps  it  together. 

Chemism. — Atoms  attract  one  another  by  a  force  called 
chemism  or  chemical  affinity.  Chemism  holds  atoms 
together  to  form  molecules.  It  is  to  the  molecule  what  cohesion 
is  to  the  mass.  Like  cohesion  it  only  acts  across  inappreciable 
spaces. 

Inertia  is  that  property  of  matter  by  virtue  of  which  it 
has  no  power  in  itself  to  change  its  condition.  [This  term  is 
often  incorrectly  limited  to  the  tendency  of  a  body  when  in 
motion  to  continue  in  motion,  and  when  at  rest  to  remain  so.] 
Chemical  or  physical  changes  never  take  place  without  the  inter- 
vention of  some  external  agency. 

Extension  is  that  property  of  matter  by  virtue  of  which 
it  occupies  space.  Its  relative  degree  is  obtained  by  m:;ans  of 
weight?  and  measures  The  system  of  measures  and  weights  m 
use  m  all  scientific  works  is  that  known  as  the  metric  or  deci- 
mal system.  In  most  American  and  English  medical  books, 
though  not  in  all,  the  English  system  is  employed,  while  all 
nations  of  continental  Europe  us^  the  metric  system  ;  so  that  it 
is  requisite  that  the  student  should  be  familiar  with  both.  The 
unit  of  the  metric  system  is  the  meter.  The  meter*  is  the 
length  of  a  platinum  bar  deposited  in  the  public  archives  of 
France,  and  is  39.37  inches  in  length  The  measure  was  obtained 
taking  Tsca^ffffus  part  of  the  quadrant  of  a  meridian  of  the  earth, 
or  of  the  distance  from  the  equitortothe  pole.  The  ratio  of 
increase  and  decrease  of  the  system  is  decimal,  and  consequently 
this  system  is  sometimes  known  as  the  decimal  system.  The 
multiples  of  all  the  measures  and  weights  are  denoted  by  Greek 
numerals,  used  as  prefixes,  as  will  be  seen  by  reference  to  the 
tables  of  weights  and  measures  in  the  AppcnJix.  Thus,  in  meas- 
ures of  length  we  have  the  meter,  dekameter,  hectometer  and 


*  Also  spelled  Metre. 
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The  Metric  System  in  Prescriptions. — In  prescrip- 
tion writing  it  will  be  found  convenient  to  adopt  the  following 
rule  where  the  doses  have  been  learned  in  grains:  Make  fjj 
equal  30  c.c. — In  a  two-ounce  mixture  (60  c.c.)  Tif/ten  a  teaspo<m' 
ful  is  to  be  given  as  a  dose^  write  as  many  grams  as  there  are  grains 
or  minims  required  in  each  dose.  Thus,  suppose  it  be  desired 
to  write  for  a  two-ounce  mixture  containing  15  grains  of  potas- 
sium bromide  in  each  fjj ;  it  would  be  written  : — 

Grnms. 
B.     Pcrtass.  bromtdi,  .    .    .  151000 

Aqua;,       60I000  or  60  C.c. 

M.     Sig. — 4  C.C.  ter  die. 

A  f^iij  mixture  would  be  written  with  one  and  one-half  times 
as  many  grams  as  there  are  grains  required  in  each  dose : — 

Grams. 

R.     Potass,  bromidi,  .    .    .  22  500 

Aquae, 90,000  or  90  c.  c.     . 

M.     Sig. — 4  c.c.  ter  die. 
The  perpendicular  line  is  used  here  to  occupy  the  position  of  the  decimal 
point,  and  separate  grams  from  milligrams. 

It  is  customary  among  some  pharmacists  to  weigh  all  quanti- 
ties written  as  above,  instead  of  measuring  them.  In  such  cases, 
it  is  well  to  remember  that  liquors  have  very  nearly  the  same 
si>ecific  gravity  as  water,  excepting  those  containing  the  salts  of 
the  heavy  metals.  The  syrups  and  glycerita  have  a  sp.  gr. 
of  about  lyi.  The  tinctures  have  a  sp.  gr  of  about  .9.  In 
cases  of  doubt  about  the  sp.  gr.,  direct  the  quantity  in  c.c, 
when  it  will  be  measured. 

CHEMICAL  PHYSICS. 

Three  States  of  Matter. — The  same  body  may  exist  in 
three  states;  as  a  solid,  liquid,  or  gas.  Most  solid  bodies  can 
be  changed  into  the  liquid  or  gaseous  state  by  the  application 
of  heat.  For  example,  when  ice  is  heated,  it  melts  and  assumes 
the  liquid  form ;  if  we  apply  heat  to  the  water,  it  expands,  is 
converted  into  steam,  and  tends  to  escape  from  the  vessel  con- 
taining it.  If  we  confine  the  steam,  it  exerts  a  strong  pressure 
upon  the  walls  of  the  vessel,  which  increases  with  the  tem- 
perature. This  and  other  similar  facts  have  led  to  the  adoption 
of  the  word  force  to  express  the  nature  of  heat.  The  term 
heat  force  may  often  be  found  in  works  on  physics.  The 
capacity  which  this  force  possesses  of  performing  work  is  known 
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one  end,  is  bent  upon  itself  near  the  other  end  so  as  to  leave  the 
lon^'  arm  a  little  more  than  30  inches  in  length.  The  lon^  limb 
is  now  filled  with  pure  mercury,  inverted,  and  the 
mercury  boiled  thro'.ighojt  the  entire  length,  to 
expel  all  air.  On  re-inveriing  the  tul>ea  fart  of  the 
mercury  runs  down  into  the  shorter  ann  until  that 
in  tlie  longer  stands  about  30  inches  (760  mm.) 
above  that  in  the  shorter.  It  is  now  only  necessary 
to  mount  the  tube  and  provide  some  means  of 
measuring  the  diflerence  in  height  between  the  sur- 
faces of  the  mercury  in  the  two  arms.  In  the 
instrument  represented  in  Fig.  3  the  tube  is  gradu- 
ated at  two  points  covering  the  variations  likely  to 
I  l>e  met  with  in  the  barometer.     The  scale  on  the 

I  long  ar.n   is   made  by  measurement    from  a  zero 

I  iK)int  on  the  short  arm,  and  may  be  in  inches  or 

^  millimeters.     The  short  arm  is  graduated  from  the 

zero  point  both  upward  and  downward.    When  the 
surface  of  the  mercury  in  the  short  arm   is  above 
the  zero  mark,  the  distance  in  inches  or  mm.  is  to 
be  deducted   from  the  reading  on  the  long  arm;  if  below  the 
zero  mark,  the  mm.  are  to  be  added   \o   the  reading.     Other 
methods  of  reaching  the  same  result  are  in  use. 

The  greater  the  pressure  of  the  air  upon  the  mercury  in  the 
short  arm,  the  higher  will  it  raise  the  mercury  in  the  longer  arm, 
and  rvV^  versa. 

By  means  of  the  barometer  we  may  measure  the  pressure  or 
tension  of  the  air.  The  volume  of  a  given  mass  of  gas  under  a 
constant  pressure  varies  with  the  absolute  temperature.  (See 
p.   19.) 

L.aw  of  Mariotte.— This  law  is  stated  as  follows:  The 
volume  of  a  conBned  gas  is  inversely  proportional  to 
the  pressure  brought  to  bear  upon  it — that  ts,  the  lesi  the 
pressure  the  greater  the  volume,  and   the  greater  the  ])ressure  the 

less  the  volume.     Stated  algebraically  this  law  is:   P  :  P' ::  V  :  V, 

pv 
whence  V'=  p^,   in  which   expression  P  and  P'  stand  for  two 

different  pressures,  and  V  and  V  for  the  corresponding  volumes. 
The  pressure  exerted  upon  any  moss  of  gas  is  usually  that  of  the 
surrounding  atmosphere,  and  is  measured  by  a  barometer.  The 
normal  pressure  of  the  air  is  about  15  ths.  to  the  square  inch,  or 
such  that  it  will  support  a  column  of  mercury  760  mm.  (30 
inches)  in  height.     In  ihs  expression  of  pressures,  as   measured 


20 


MEDICAL    CHEMISTRV. 


Now  since  ihe  frnrtiDii  ^^j  whrn  rfducrd  in  the  decintal  fomi  Itci-omes 
.003661;,  it  ia  plain  Oiat  1  c-c.  uf  any  gtift  at  ti°  Incomes  1.003665  c.  c.  at  I** 
C,  1.00733  nl  1°  r.  and  I  -i-  n  lirnc*   00366  iil  a  lenii^emtuic  of  n°  C. 

Whence  the  roinuiln  may  \>t  sio'cd  :  V''  or  the  new  volume.  cqiraU  V'or  Oie 
known  volume,  mullinlicd  by  I  f  (^.00366  X  (f  — t)  in  which  t  and  f  stand 
fnr  Ilic  oltserved  and  rcouired  Icmpcratuies  respeclively,  when  I'  is  grcalt-r 
than  X,  I.  /,,  when  the  change  of  temperature  is  from  a  lower  to  a  higher 
tem|>oniliire. 

When  t'  is  lets  than  t.  or  when  the  reduction  is  from  a  higher  to  a  lower 
temneroture,  ibc  formula  )>cconies  V'=r   • — ., -.  • 

Since  V  and  V  are  common  to  thene  two  eqiiAtioiiv,  and  to  the  one  nsed  in 
Article  14,  for  correction  of  gaseous  volumes  for  changes  in  pres&ure,  we  may 

IT 

combine  the  equations  as  follows:  V''  =  V  X  (t  +  .00366(1' — t))  X  i.,.  where 

(t'  —  t)  is  ft  plus  quantitf,  and  V  =  j|,,-t-  ., ,_..-  where  the  rcduc* 
linn  is  from  a  higher  to  a  lower  trmpcraliirc.  These  formu^te  may  be  used  for 
corrections  for  lx>(h  temi>crature  and  pres'iure  at  the  same  time. 

Rxamfte. — A  given  volume  of  air  at  740  mm.  and  15°  C.  measured  452  c.c; 
whil  will  it  meuure  at  760  mm.  and  0°  C?    Substituting,  we  have — 

760  X  (I  +  (.00366  X  15))        ^  ' 

Standard  Temperature  and  Pressure.— Vnriations  of 
teniiicratirre  and  j/rcssure  produce  such  imi  ortant  vaiiations  in 
volume,  that  it  is  fre'iuently  necessary,  when  comparing  obser- 
vations, to  rodncc  thcin  to  some  standard  lemptralure  and  pres- 
sure. The  standard  temperature  used  by  most  scientific 
men  is  0°  C.  Hut  60°  F.  corresponding  to  15.5*  C,  l>eing  aliont 
the  ordinary  temperattire  of  the  air,  is  sometimes  foimd  to  l>e 
more  convenient  and  is  frct]ncntly  used.  By  standard  con- 
ditions of  temperature  and  pressure  are  mejint  o^  C.  and 
760  mm.  prc-siire. 

Constitution  of  Gases.— Law  of  Avogadro  or  Am- 
pere.— 'l^^is  law  slates  that  equal  volumes  of  all  bodies 
in  the  state  of  gas,  and  at  the  same  temperature  and 
pressure,  contain  the  same  number  of  molecules. 

As  a  necesajry  dediu  tion  from  the  law  it  follows:  ist.  'I'hat 
all  gaseous  molecules  occupy  the  same  space,  zd.  That 
the  weights  of  cqu;d  volumes  of  any  two  gases  are  to 
each  other  as  the  weights  of  their  molecules  ;  or.  in  other 
words,  the  specific  gravities  of  any  two  gases  must  be 
to  each  other  as  the  weights  of  their  molecules,  fhis 
law  is  of  vast  importance  to  the  chemist,  anil  is  consitiered  the 
l)asis  of  most  of  the  modern  notions  of  chemistry.  Although 
it  would  be  out  of  place  here  to  enter  into  such  a  discussion, 
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exhau^teU  of  air  as  |xis-ible,  containing  a  vane  holding  four  discs 
of  mica,  blackened  on  one  side,  and  delicately  s»is[>cnded  upon 
a  i>oint,  so  as  to  revolve  wilh  as  little  friction  as  ]>ossibIe.  On 
bringing  the  globe  into  a  sironj^  light,  or  near  a  source  of  heat, 
it  begins  to  revolve,  because  of  the  bombardment  of  the  discs. 
The  dark  surface  moves  in  the  path  of  the  light. 

Diffusion  of  Gases. — If  two  gases  be  brought  in  contact 
with  one  aiiotiier  by  inverting   one  jar  over  the  other,  as  repre- 


ric. 


Fii;.  5. 


Fic.  6. 


sented  in  Fig,  5,  the  gases  will  not  long  reirain  separate  \m\  will 
f|uitkly  mingle  so  as  to  make  a  uniform  mixture  throughout  both 
jars.  This  property  of  gases  is  called  diffusion.  Ihe  diffusion 
of  gases  will  also  take  place  if  they  arc  scparaicd  by  a  |>oroi:s  wall 
of  earthenware,  stone,  or  parchment,  liy  the  passage  of  the  gas 
through  the  pores.  A  convenient  method  of  illustrating  this 
phenomenon  is  to  lake  an  imgla^ed  eartht-nware  cup,  such  as  is 
iised   in  a  I^uiisen's  battery  cell,  invert  it  in  a  lunnel  provided 


ith  a  long  stem,  and  fasten  it  in  place  by  a  |>aste  made  of  jilxster 
of-Paris.  The  lower  end  of  the  funnel  tul>e  is  |  assed  through  a 
j>erforaled  cork  into  a  l>oUle  containing  water,  as  shown  in  the 
arcomjanying  figure.  (See  Fig.  6.)  On  bringing  a  bell-jar  of 
hydrogen  or  illuminating  gas  over  the  porous  cup,  the  air  in  the 
funnel  will  be  forced  out  below,  and  may  be  seen  to  escape  in 
bubbles  through  the  water. 

Graham's  Law  of  Diffusion.— According  to  this  law, 
the  velocity  of  diffusion  of  different  gases  is  inversely 
proportional  to  the  square  roots  of  their  densities.  As 
an  illustration  of  ihe  truth  of  this  law,  wc  may  compare  the  rates 
of  diffusion  of  hydrogen  and  oxygen.  By  measurement,  it  lias 
l>ct:n  found  that  hydrogen  diffuses  four  limts  faster  than  oxygen. 
Their  densities  are  known  to  be  i  and  i6  ;  and  the  square  ruols 
of  these  numbers  are  i  and  4,  It  will  thus  be  seen  that  the  rates 
of  diffusion  are  inver^ly  as  these  last  numbers. 


Tlie  pbrnoniena  of  diffusion  admit  of  easy  explanation  on  the  assumption 
Ih  it  llie  niolcruleft  of  gasr&  are  in  u  state  of  rR[>i<I  nuition  Morcovei,  iL  is 
plain,  since  a  given  volume  of  all  go&cs  contains  the  same  nunilx-r  of  mulccult!), 
at  tlie  Mime  tcmperalure  aud  pre^auie,  that  the  moving  (ower  of  all  molecules 
nnder  these  conditions  roust  k«  the  same;  for  the  prosure  brought  to  bear  on 
the  gas  is  balanced  by  the  imf«ct  of  it.<.  ronlecules,  or  its  clasticit)'.  I'o  produce 
the  &sime  ciTeci  ngninsl  the  walls  of  the  vei>scl,  lighter  molecules  musi  tnove 
faster  titan  ilic  heavier  ones,  and  m(*rt:  iinp.icLs  occur  in  a  (rircn  lime.  If  M 
he  taken  as  ihc  weight  of  a  yi^cn  molecule  and  V  iii  velocity,  MV  will 
e«pri.-i*  its  momrniuiii.  Jliil  the  |'rc>:Hurc  depends  not  only  on  the  niomen- 
lunt  of  the  inolecuirs,  but  on  the  fiunil>cr  of  blows  deliverc<i  by  cat  h  mnlcadc 
in  a  civen  time,  which  will  de^^end  u{>on  the  velocity  of  the  molecules.  llencc» 
MV  X  V  *'ll  lepre'rf'iu  the  prcs*uie  of  tlie  j;as.  Suppose  litis  |ireKsure  be  some 
cixiMaftl  unit  of  pic&!»ure.  say  the  pressure  of  the  air,  represented  by  I.     Then 

MV  =  l,»»nd  V»  =  -—  orV=  —;-:=■     Now  M,  which  represenu  the  weight 

oflhe  molecule,  also,  according  to  Art.  17.  represents  the  density  of  the  gas  ia 
(larition. 

The  above  fonuula  may  therefore  be  writlen  : — 


V  = 


%/d 


iiuieadof  V  = 


For  any  two  gase^,  the  vrlociiics  of  whose  molecules  ore  represented  by  V 
«od  V*.  we  should  have  the  fuIlowiii{{  stait-mcut : — 

which,  stated  in  worls,  becomes:  Thevehtities  of  *itffMiitm  of  any  ttihy  f^s^s 
(the  velocities  ol  their  molecules)  vary  inverteiy  as  tht  stfuarr  root  of  thrir 
itin,  which  is  fimliom's  law.  The  densities  of  hydnjgen  and  <.>KyKen  :ire 
rn  to  be  I  and  f6,  rc»pe<:Uvtrly,  ami,  llierefure,  the  vel«K:ilitr»  of  their  mole 
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culrs  inuil  be  as  the  stjuarc  roots  of  these  numbers,  or  as  4  to  i ;  or  the 
molecule  of  hydrogCQ  must  move  four  limes  as  fast  as  that  of  OKVf^cn.  Tbc 
coiitparalivc  velociucsuf  otttcr  molecules  may  be  calculated  Id  the  same  way, 
from  their  densities. 

HEAT, 

Nature  of  Heat. — As  nearly  as  we  can  conceive,  the  phe- 
nomena and  sensations  to  which  we  apply  the  term  heat  are  the 
maniiestalions  to  our  senses  of  the  motion  of  the  molecules  of 
matter  partially  discussed  in  the  last  sections.  Besides  prodticing 
the  sensation  of  heat,  it  acts  variously  on  bodies;  it  boils  water, 
jnelts  iron,  makes  the  metals  give  out  light,  electricity,  etc. 

It  was  formerly  sup[>oscd  that  heat  was  a  form  of  matter — a 
subtle  fluid  which  could  flow  from  one  part  of  a  body  to  another, 
or  through  the  air.  We  still  retain  some  of  the  forms  of  expres- 
sion used  while  that  theory  was  held,  such  as  conduction,  con- 
vection, absorption,  emission,  radiation,  etc.,  the  theory 
itself  hfin^  entirely  abandoned.  We  now  regard  heat  as  a  mani- 
festation of  one  fonn  of  molecular  motion.  The  more  rapid  the 
motion  of  the  molecules  of  any  given  body,  the  higher  the  tem- 
perature. 

Many  nf  the  phmomena  of  heat  may  he  beautifully  illustrjted  by  means  ol 
n  bull  ntlachcfl  to  an  claMic  India  rubber  string  held  In  the  haud.  The  ball 
may  fejircscnl  the  molecule,  the  string  the  cliulic  cohesive  force  which  acts 
1>ctween  molecules,  and  the  force  applied  by  the  hand  to  make  the  b&ll  revolve 
about  il,  the  force  of  heat. 


The  Sources  of  Heat  are  the  sun.  the  stars,  the  interior  of 
the  cartli,  ciiemiuil  action,  and  the  conversion  of  chemical  or 
molecular  motion  into  heat.  The  earth  receives  but  about  two 
thousand  niillionths  of  the  heat  of  the  sun,  and  the  fixed  stars  arc 
estimated  to  furnish  about  t  as  much  as  the  sun.  The  amount  of 
heat  annually  received  from  ilie  sun  would  melt  a  layer  of  ice 
surrounding  the  earth  loi  feet  thick.  The  internal  heat  of  the 
earth  has  some  effect  ujxjn  our  temperature,  but  not  a  very  impor- 
tant one,  as  the  crust  of  the  earth  does  not  conduct  heat  well. 
Chemical  action  is  the  most  imf»ortant  artificial  source  of  heat. 
When  the  heat  thus  produced  is  intense,  and  accompanied  by 
light,  the  l>odies  are  said  to  burn.  In  an  ordinary  fire,  the  heat 
produced  is  due  to  the  chemical  action  going  on  between  the 
oxygen  of  the  air,  and  the  carbon  and  hydrogen  of  the  fuel. 
Animal  heat  is  largely  due  to  a  similar  cause — that  is,  to  cliemical 
action  going  on  in  the  muscles,  glands,  brain,  and.  in  fact,  all 
the  tissues;  not,  as  formerly  taught  by  Liebig,  by  direct  com- 
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bnstion  of  the  focxl  by  the  oxygen  of  the  air,  but  by  oxidation  of 
tlic  dilTereiU  tissues  whenever  they  are  called  ui>on  to  exercise 
their  function^;     (See  Part  vi.) 

Mechanical  force  may  Ytc  converted  into  heat,  as  when  the  axle 
of  a  railroad  coach  becomes  liot,  or  when  the  brakes  are  applied 
to  the  wheels,  or  when  a  piece  of  steel  strikes  a  piece  of  flint. 
'l"hesc  phenomena  iiuy  be  imitated  with  the  ball  and  string  above 
mentioned,  by  allowing  some  one  to  strike  the  l>all  while  it  is 
swinging,  so  as  to  drive  it  faster  on  its  course.  This  is  what  takes 
place  when  the  steel  comes  in  contact  with  the  flint. 

Mechanical  Equivalent  of  Heat. — There  is  an  intimate 
relationship  between  heat  and  mechanical  motion.  They  are  ca- 
pable of  being  converted,  the  one  into  the  other.  The  friction 
of  the  match  against  a  roughened  surface  produces  enough  heat 
to  ignite  it.  Heal,  on  the  other  hand,  is  converted  into  motion 
by  the  expansion  of  steam,  which  drives  the  steam  engine.  It 
has  lieen  determined  that  a  certain  amount  of  heat  has  its  exact 
equivalent  of  work.  The  unit  of  work  is  the  foot-pound — the 
power  required  to  raise  one  pound  one  foot  high  ;  and  the  unit 
of  heal  is  the  heat  necessary  to  raise  one  jxiund  of  water  from  o° 
to  t°  C.  This  amount  of  heat,  if  it  could  all  be  made  to  do 
mechanical  work,  would  be  sufficient  to  raise  1390  ttjs,  one  foot 
high  ;  or  the  thrrnml  unit  is  equivalent  to  1390  foot-ix)unds.  If 
we  adopt  as  the  thermal  unit  the  heat  necessary  to  raise  one 
pound  of  water  from  32°  to  33°  F.,  it  is  ecjual  to  772  foot-])Oiinds. 

Effects  of  Heat.— One  of  the  first  effects  of  heating  a  body 
is  to  expand  it.  This  is  the  effect  of  heat  upon  all  bodies,  with 
a  few  apparent  exceptions.  Silver  iodide  is  a  notable  exception 
to  this  rule.  To  understand  just  what  takes  place  when  heat 
expands  a  lx)dy.  let  us  return  to  our  ball  and  string  (p.  24); 
the  more  force  we  apply  to  it  from  the  arm.  the  more  rapidly  the 
ball  will  move;  as  it  does  so,  the  more  it  stretches  the  string  and 
the  larger  the  arc  it  describes.  If  we  apply  enough  force  the 
string  will  break,  and  the  ball  will  Ry  off  into  space.  (Compare 
p.  f6.) 

Melting  and  Freezing  Points. — When  heat  is  applied  to 
the  molecules,  it  drives  them  faster  through  their  jiaths  and 
farther  ajiari  from  one  another,  until  finally  the  cohesive  force  is 
jitPctched  to  its  utmost  and  is  on  the  point  of  breaking  ;  then  the 
bo(iy  mclLs  and  becomes  a  liquid,  in  which  state  the  two  forces 
arc  nearly  equal,  with  cohesion  slightly  predominating.  The 
Icinpcrature  at  which  a  Ixidy.  usually  solid,  passes  into  a  liijuid 
sutc,  is  called  iu  melting  point.    If  more  heal  be  now  applied, 
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the  cohesive  force  (represented  by  the  elastic  string  above)  gives 
way,  the  molecules  t>egin  to  fly  off  into  space,  and  we  say  the 
liquid  lioils  or  pai^ses  into  the  gaseous  state.  If  the  heat  is 
abstracted  from  a  body  that  ordinarily  exists  in  a  liquid  stale, 
cohesion  more  and  more  overcomes  the  heal  force  between  the 
molecules  until  the  body  contracts  and  passes  into  the  solid  state. 
The  lem|)erature  at  which  this  takes  place  we  call  the  freezing 
point  of  the  body. 

Boiling  Point  of  Liquids. — The  tenii>erature  at  which  a 
liquid  in  an  open  vessel  gives  off  vapor  rapidly  from  the  whole 
liquid  is  constant  for  that  liipiid,  and  is 
called  its  boiling  point.  In  giving  a 
description  of  a  liquid  the  l>oiling  point 
is  usually  given.  The  boiling  point 
of  water  is  100°  C.  (212°  F.),  and  is 
nearly  cons'ant  when  boiled  in  an  iron 
vessel  in  the  o]>cn  air.  It  is  slightly 
higher  in  a  glass  or  other  vessel  with 
polished  walls,  because  the  steam  ad- 
heres to  such  a  surface  until  il  becomes 
a  little  above  that  point,  or  is  slightly 
superheated.  The  pressure  exerted  upon 
the  surface  of  the  liquid  may  cause  the 
temperature  of  ihe  boiling  point  to  vary, 
by  resisting  the  expansive  force  of  the 
molecules  and  aiding  cohesion  to  keep 
them  together.  When  considerable 
pressure  is  brought  to  bear  upon  a  boil- 
ing liquid,  its  temperature  rises  until 
the  tension  of  the  steam  overcomes  this  pressure,  and  it  becomes 
superheated.  Conversely,  if  the  pressure  be  removed  or  less- 
ened, the  tcmi>eralure  at  which  the  liquid  will  boil  is  lowered. 
This  may  Ik?  illustrated  by  the  experiment  known  as  the  culinary 
paradox,  as  follows:  — 

Take  a  flask  of  water,  and  after  boiling  it  vigorously  f'tr  a  few  minutes,  so 
that  the  risinfj  steam  may  cxj>cl  most  of  the  air,  rork  it  up  with  a  tiRhtly-fitling 
cork,  when  the  boiling  will  cca^e;  remove  the  lamp  and  turn  the  tluk  bottom 
upward.  (See  Fig.  7.)  By  pouring  cold  water  on  the  flask  the  steam  is  con- 
densed, the  pressure  is  removed  from  the  wnter,  and  i(  Iwils  vigorously.  Now. 
allow  the  steam  to  till  the  flask  above  the  water,  and  it  again  cea«:s  boiling. 
A  dash  of  cold  water  will  .igain  make  it  boil.  1*hii>  may  be  repealed  until  the 
water  bcconie!i  cool  enough  to  be  held  in  the  hand  with  comfort. 

The  boiling  point  of  water  varies,  then,  with  the  height  of  the 
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KarometeT,  or  the  pressure  of  the  atmosphere  upon  it.  As  the 
height  of  the  barometer  diminishes  in  ascending  from  the  surface 
of  the  earth,  the  boiling  point  of  water  must  fall.  An  ascent  of 
t)OUt  loSo  feet  lowers  the  boiling  |X)int  of  water  i°  C.  By  this 
means  the  height  of  mountains  may  be  determined  wiihiri  a  few 
feet.  When  a  liquid  passes  off  into  vapor,  ic  is  said  to  evapo- 
rate. Evaporation  from  liquids  takes  place  slowly  and  imper- 
ceptibly at  temperatures  below  their  boilmg  points.  In  the  case 
of  water,  for  example,  there  is  some  evaporation  even  from  the 

rfoce  of  snow  and  ice.  The  moisture  of  the  air,  from  which 
clouds,  rain,  snow,  dew,  etc.,  are  formed,  Ls  carried  up  by  this 
imi^rceptible  e\*aporation  from  the  ocean,  lakes  and  rivers. 

Distillation  and  Sublimation. — When  a  liquid  is  rapidly 
evaporated  and  condens-.-d  again  by  means  of  cold,  the  process  is 
called  distillation.  When  water  containing  solid  matters  in 
solution  id  evaporated,  the  solids  remiin  in  the  vessel  while  the 
water  only  is  given  off.  liy  reason  ol  this  fact  we  arc  able  to 
prepare  i)erfectly  pure  water  by  distillation.  When  a  mixture  of 
two  or  more  liquids  is  heated,  that  having  the  lowest  boiling 
point  logins  to  eva|X)rate  or  distil  first,  leaving  the  others  behind. 
During  llie  rapid  eN-aporation  of  a  liquid,  its  temperature  remains 
nearly  constant  at  the  boiling  i)oint  until  it  is  all  evaix)rated.  To 
separate  a  mixture  of  liquids  having  different  boiling  [x>ints,  it  is 
only  necessary  to  heal  the  mixture  until  that  having  the  lowest 
boiling  [>oint  begins  to  boil,  and  allow  it  to  remain  at  that  tem- 
perature until  it  has  all  passed  over  and  been  condensed.  The 
condenser  is  now  removed  and  another  attached  ;  the  temperature 
is  now  raised  until  another  [xjrtion  of  the  mixture  begins  to  distil 
ver,  and  so  on  until  the  li(piids  are  separated.  The  first  process 
seldom  effects  a  pi-rfect  separation,  owing  to  some  heavier  liquids 
l)eing  carried  over  by  the  lighter  ones  ;  a  second  or  even  a  third 
distillation  is  often  necessary.  The  above  process  is  called 
fractional  distillation. 

By  the  term  destructive  distillation  is  meant  a  distillation, 

usually  of  dry  substances,  so  as  to  destroy  them  and  obtain  liquids 

or  ga:^cs;  as,  for  example,  the  distillation  of  coal  for  the  purjiose 

f  preparing  illuminating  gas,  and  liquids  to  be  used  for  vaiious 

arposcs;  and  the  distillation  of  wood  to  prepare  vinegar,  wood 

«j*irii,  etc.     Distillation  Is  carried  on  in  a  retort  or  still,  and  the 

si>OT  is  condensed  in  a  worm  or  condenser.     The  retort,  or  still, 

is  the  vc94el  in  which  the  li(|uid  is  heated,  and  is  made  itf  glass, 

pf>er,  iron,  or  platinimi.     (Sec  Figs.  8  and  64.) 

'Hie  heat  Is  applied  to  the  retort  or  still  until  the  liquid  boils. 
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The  va|xir  froni  ihc  boiling  liquid  passes  through  the  b«ak  of  the 
rvton  into  the  condenser,  which  is  alwaj-s  kept  cool  by  means  of 
cold  w4iter. 

*A  few  solid  bodies  when  heated  do  not  melt  and  form  liquids, 
Imt  jvasii  dim  ily  into  ihc  stale  of  va|>or.  Such  bodies  are  said  to 
sublime,  and  the  pmcess  is  called  sublimation. 

Kuliue.  sulphur,  lainphor,  aiul  amiuonmm  chloride,  are  exam- 
ple* i>\'  l»oii»cs  wluch  may  l>e  sublimed,  and  this  process  is  usuaJly 
employeil  for  their  purification. 

Latent  Heat.— It  is  evident  that  a  part  of  the  heat  force 
applie^l  to  a  IkmIv  is  u^vd  up  in  overcoming  the  force  of  cohesion 
and  in  ex[uniling  the  body,  anti  does  not  appear  in  the  actual 
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moving  power  of  the  molecules.  In  our  ball-and  string  illustra- 
tion (p.  34),  a  part  of  the  force  applied  to  the  slrinL(  by  the 
hivnd  is  expended  in  stretching  the  string,  or  finally  in  I>reaking 
it,  and  does  not  appear  in  the  moving  power  of  the  ball.  This 
force,  which  is  expended  in  overcoming  cohesion,  and  in  keeping 
the  molecules  apart,  dots  not  appear  in  the  temi^erature  of  a 
l)ody.  When  air  is  heated  and  allowed  to  expand,  about  two- 
sevenths  of  the  heat  force  is  used  n\)  in  expanding  it.  If  wc 
apply  heat  to  a  vessel  containing  ice,  the  temperature  of  the  water 
formed  is  the  same  i\s  tliat  of  the  ice,  although  a  considerable 
heat  has  been  absorbed  in  the  melting  process. 

When  water  is  boiled  in  an  open  vessel  it  does  not  rise  above 
100°  C  (212°  F.),  however  hot  the  fire;  it  remains  at  100*'  C. 
until  it  is  all  evai>or3ted.     What  has  become  of  all  the  heat 
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ppimi  lo  the  waier?     It  has  been  used  to  drive  the  molecules 
farther  *pari,  and  is  locked  up  in  the  wiier  in  the  liist  case,  and 
in  the  sieaiu  in  the  second.     The  heat  thus  ex[jendcd  is  called 
latent  heat.     It  requires  heat  to  convert  a  solid  into  a 
liquid,  or  a  liquid  into  a  gas.     The  reverse  is  i.-<itially  true, 
that  heat  is  given  out  v/hen  a  gas  becomes  a  hquid,  or  a 
liquid  becomes  a  solid.     Freezing  mixtures  are  based  upon 
this  Uw.     A   mixture  ol"  salt  and   ice  Ireexes,  because  the  salt 
iDclls  the  ice  by  its  affinity  for  water ;  but  heat  is  absorbed  by  a 
solid  when  it  becomes  a  liquid,  and  is  taken  up  in  this  case  from 
whatever  happens  to  be  in  contact  with  the  freezing  mixture  or 
vessel  containing  it.     Ice  machines  operate  on  the  principle  that 
when  a  liquid  cvaix>rates,  it  absorl)s  large  quantities  of  heat.     A 
very  volatile  liquid  may  be  made  to  evaporate  rapidly  by  placing 
the  vessel  containing  it  under  the  receiver  of  an  air-pump,  and 
removing  the  jiressure  from  it  by  pumping  out  the  vapor  as  fast 
as  formed.     A  very  low  temperature  is  produced  in  this  way  in 
and  about  the  vessel  containing  the  liquid.     Place  a  few  dro[ts 
I        of  ether  upon  your  hand,  and  allow  it  to  evaporate,  and  you  will 
^fthave  a  very  good  illustration  of  the  heat  alisorbed  by  an  evapo- 
^Bxating  liquid.     Mitchell  obtained  a  temi^eralure  of — 146°  F.  with 
^Bether  and  solid  carbon  dioxide.    Vatterer  produced  a  tem|jeraturc 
^Bof — 220  F.  with  liquid  nitrous  oxide  and  carlx:>n  disulphide. 
^H     Specific  Heat. — When  equal  weights  of  two  given  bodies 
^"  arc  ex[>osed  to  the  same  source  of  heat,  they  do  not   both  rise 
in  temperature  with  the  same   rapidity — that  is,  it  takes  more 
heat  to  raise  a  pound  of  water  from  o**  to  1°  C.  than  it  does  lo 
raise  one  |K)und  of  mercury  through  the  same  change  of  temper- 
ature.    The  relative   amount  of    heat   required   to   raise   equal 
weights  of   substances  through  equal  degrees  of  temperature  is 
called  their  specific  heat.     Water  has  the  highest  specific  heat 
of  any   known   sul>stance   except   hydrogen   gas.     The   unit  of 
s|tccific  heat  is  not  everywhere  the  same.    Some  use  as  the  unit  of 
heat  the  heat  rccjuired  to  raise  i  pound  of  water  from  32**  to  33"^ 
K.,  ottiers  from  0°  to  1°  C.     The  latter  is  the  one  most  com- 
monly used,  and  is  called  the  thermal  unit.     In  France  the 
unit  is  the  calorie,  which  is  the  heat  re^piired  to  raise  i  kilogram 
nf  water   from  0°  (o  1°  C.      i  Calorie—  2.2  thermal   units,      i 
thermal  unit  =»  0.45  calories. 

Temperature. — From  the  ijreceding  article  it  will  be  seen 
that  (he  temperature  of  a  body  is  entirely  distinct  from  the 
amount  of  heat  it  contains.  Tcminirature  may  be  defined  as  the 
tendency  a  bo<ly  jxjsse^scs  of    imi»arting    heat    to   surrounding 
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bodies.  It  is  this  tendency  which  gives  to  our  senses  the  impres- 
sion that  the  body  is  hot  or  cold;  it  is,  therefore,  the  measure 
of  its  sensible  heat,  or  heat  that  is  appreciable  to  our  senses. 
The  heat  which  a  body  contains  is  made  up  of  its  sensible  heat 
plus  its  latent  heat.  The  tem|ieratiire  of  a  body  is  increased 
or  diminished  by  adding  to  or  withdrawing  from  it  sensible 
heat.  As  the  number  and  weight  of  the  molecules  of  a  given 
body  arc  constant,  the  variations  of  temperature  must  mean 
a  variation  in  the  velocity  of  the  moving  molecules.  In  our  ball- 
and-string  illustration  it  will  be  indicated  by  the  velocity  of  the 
ball  in  its  path. 

Thermometers. — Temperature  is  measured  by  an  instrument 
called  a  thermometer.  Thennometer*  are  usually  constructed 
of  a  closed  glass  tube,  provided  with  a  bulb  at  one  end,  contain- 
ing a  liquid  whose  expansion  or  contraction  is  used  to  indicate 
the  tcmi)erature.  It  is  also  provided  with  a  scale  to  mark  the 
amount  of  contraction  or  expansion  taking  place  in  the  liquid. 
Liquids  are  usually  chosen,  as  solids  expand  too  little  and  gases 
too  much  to  be  convenient.  The  liquids  commonly  used  are 
mercury  or  alcohol ;  of  these  the  former  is  most  extensively  used, 
l^ecause  of  the  long  range  of  temperature  between  its  freezing 
and  boiling  points.  Pyrometers  are  instruments  for  measuring 
very  high  temperatures,  and  are  constructed  of  metal,  or  fire- 
clay, whose  melting  point  is  very  high 

The  thermometric  scales  in  common  use  are  the  Fahrenheit, 
Celsius  or  Centigrade,  and  Reaumur.  The  difference  in  these 
scales  maybe  seen  at  a  glance  by  reference  to  Fig.  9.  There  are 
two  fixed  points  in  all  of  them — the  temperature  of  melting  ice, 
and  that  of  the  steam  from  boiling  water.  These  two  points  must 
be  determined  by  actual  trial  on  every  instrument  ;  these  points 
arc  marked  on  the  glass  with  a  file  or  diamond.  It  then  remains 
only  to  divide  the  s[>ace  between  them  into  a  certain  numl>er  of 
degrees,  according  to  the  scale  adopted.  In  the  Centigrade  or 
Celsius,  and  in  the  Reaumur,  the  freezing  point  of  water  is  marked 
0°,  while  in  the  Fahrenheit  it  is  marked  32®. 

The  point  at  which  the  mercury  rises  in  the  tube  when  the 
latter  is  plunged  into  steam  from  boiling  water,  is  marked 
100°  in  the  Celsius,  217°  in  the  Fahrenheit,  and  So**  in  the 
Ktaumur.  It  remains,  then,  simply  to  divide  the  space  between 
these  points  into  100  equal  parts  in  the  first,  180  in  the  second, 
and  So  in  the  third.  Chemists  generally  have  adopted  the  Cen- 
tigrade scale,  although  some  still  adhere  to  the  Fahrenheit,  which 
is  in  common  and  almost  universal  use  in  this  country  for  unsci- 
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enttfic  pnrix>ses.  The  R<*aumiir  is  not  much  used  in  this  country, 
and  wc  shall  not  use  it  in  this  book.  It  is  not  ditlicult  to  change 
the  readings  from  one  to  the  other  scale. 

It  will  be  seen  that  loo**  C.  =  i8o°  K.,  i*'  C.  «  1.8*'  F.,  or 
i*^  C.  «  ?  **  F.,  and  i°  F.  «  I  °  C.  We  must  rcineml»er.  how- 
ever, that  the  o**  mark  in  the  Fahrenheit  scale  is  32  degrees 
below  that  of  the  Celsius;  hence,  in  cunverting  degrees  F  to 
degrees  C.  we  must  first  take  from  the  reading  31**,  and  reduce 
only  those  alwve  the  freezing  point  of  water.    VVhilc  in  changing 
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degrees  C.  to  F.,  we  must  add  32°  to  the  result,  to  obtain  the 
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Thus,  10**  C.  =rioy  J  =l8-f  32««5o''  K;  and  41='  F.-=4i— 32= 
X  I  -  5*C.  Or,  multiply  degree*  C.  by  |,  ami  a«M  J3^  degrees  F. ; 
I  mulliply  degrees  F.  by  )  after  sublraclinfr  32  —  dcgreei  C. 

The  Centigrade  and  Fahrenheit  degrees  will   both  be  given  in 
this  book. 

LIGHT. 


The  second  so-called  physical   force  which  plays  an  import- 
ni   jiari    in    many   chemical   phenomena  is   light.     According 
the    liesl  conception  we  have  of  light,  it   is  the   cfTecl  upon 
the  optic  nerve  produced  by  undulations  of  an  exceedingly  sub- 
tle an<J  highly  elastic  form  of  matter,  called  the  luminiferous 
ther.       That   this   ether    really  exists,  pervading    the    sjxiccs 
twccn  the  molecules  of  all  bodies,  and  being  many   million 
me»  more  cljistic  than  air,  and  so  light  that  it  offers  no  apprc- 
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ciable  resistance  to  the  earth  moving  ixoorailesa  minute  through 
it,  is  merely  a  hypothesis.  It  has  been  advanced  to  explain  cer- 
tain well-known  lacts.  That  light  passes  from  the  sun  and  stars 
to  the  earth,  no  one  am  doubt ;  and  yet,  without  some  assump- 
tion like  the  alx)ve,  we  cannot  conceive  how  it  docs  so  unless  we 
hold  to  a  former  view,  which  taught  that  light  is  in  itself  a  form 
of  mailer^  without  weight,  given  ofT  by  luminous  bodies,  and 
able  to  1  ass  through  glass,  water,  rocks,  etc.  These  properties 
are  contrary  to  all  known  laws  of  ordinary  matter,  as  also  are 
those  of  the  ether  assumed  in  the  other  theory. 

It  is  believed  that  undulations  may  originate  in  certain  motions 
of  molecules  or  atoms;  that  these  motions  or  undulations  are 
communicated  to  tlie  ether  and  conveyed  upon  it  in  the  form  of 
waves;  and  that  the  movement  described  by  a  given  particle  of 
ether,  is,  in  the  main,  an  oscillation  at  right  angles  or  per[)endicu- 
lar  to  the  direction  of  the  ray  or  beam. 

Transmission  of  Light. — The  motion  of  a  ray  of  light 
travels  along  the  line  of  particles  very  much  in  the  same  w^y  that 
it  passes  along  the  line  of  ivory  balls  placed  in  contact  on  the 
billiard  table,  when  a  hall  strikes  the  end  one  directly  in  line 
with  the  rest.  The  motion  or  impulse  passes  along  the  line,  but 
the  ball  at  the  ojiposite  end  is  the  only  one  seen  to  move.  The 
transmission  of  force  may  be  illustrated  by  placing  a  ruler  on  the 

table,  holding  ii  firmly  in  place, 
P'f"  '0-  with  a  marble  in  contact  with 

one  end,  and  with  a  hard  body 
striking  a  .'•iHirt  tiiiick  blow  at 
the  other  end.  The  stick,  as  a 
whole,  does  not  move,  but  the 
jar  will  be  felt  to  pass  under  the 
hand,  and  the  marble  will  move 
from  ils  place. 


(   ) 


A  frequent  class-rcom  illuslrfiliori  of 
Ibe  irniismiiision  of  force  is  dial  icpre- 
scnttd  in  Fig.  lo.  A  number  of  wood 
or  ivory  balls  arc  suspcndrd  l>y  cords 
M>  that  ihey  touch  one  «nolher  when 
at  rest.  On  raising  A  lo  ihe  posilion 
represented  in  the  cut,  and  allowing;  il 
!o  fnll  against  iHc  ball  T,  none  of  the  balls  arc  »ccn  to  move  except  IJ,  which 
is  canie  I  on  lo  the  position  6.  As  it  returns  to  strike  ils  neighbor,  ihc  ball  A 
is  ihrnwn  off  In  a  less  diitnncc  than  it  was  nl  first  carried.  The  other  balls 
remain  «t  rest,  but  tran&aiil  llic  force  along  ihc  line. 


LIGHT. 
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Color  and  Intensity. — It  Is  evident  that  these  oscillations 
may  liilTtr  in  rapidity  or  in  their  amplitude;  /*.  i?.,  comparing 
them  to  the  movcracnis  of  a  pendulum,  they  may  vibrate 
rapidly  or  slowly,  and  they  may  swin^t,^  a  long  or  short  distance. 
Uf)on  the  extent  and  rapidity  of  these  oscillations  depend  two  im- 
portant differences  in  the  effects  of  light  on  the  organs  of  vision  ; 
vir..  color  and  briltiincy;  the  brilliancy  depending  upon  the  force 
of  the  blows  upon  the  reiina,  and  the  color  upon  the  number  in  a 
given  time.  We  have  an  analogous  fact  in  soimd.  Here  we  can 
more  easily  demonstrate  the  truth  of  the  fart  that  the  intensity  of 
the  sound  dei>ends  upon  the  amplitude  of  the  vibrations  of 
the  molectdes,  while  the  pitch  de]>ends  upon  the  number  of  waves 
or  pnlsitions  which  reach  the  ear  in  a  given  time.  From  well- 
established  data^  we  are  able  to  calculate  the  ra)iidity  of  the  (oscil- 
lations which  produce  the  different  sensations  of  color,  and  the 
corresponding  lengths  of  the  ether  waves.  Some  of  these  results 
are  expressed  in  the  following  table;  — 


Red. 

Orange. 

Yellow. 

Green. 

Blue. 

Indigo. 

Violet. 


Length  of  Wave*  in  Fr«ciioiu 
of  a  Millim«ier. 


650  millionllu. 

609 

576 

536 

498 
A7a 

44a 

Numlter  of  f  >«i:itUtiofls 
in  one  Second. 

477,000,000,000,000 
506,000,000.000,1. 00 

5  3  S,ooo,ooo/x».ooo 

5  77,000.000.000,000 
62 1,000,000.000,000 

6  5  8,000 ,000,000,000 
699,000,000,000,000 


The  color  of  an  object  depends  upon  the  character  of  the  litiht 
it  reflects  or  transmits  to  the  eye.  A  beam  of  white  light  is  com- 
}x>sed  of  a  variety  of  different  colored  lights  mingled  together,  as 
can  be  shown  by  passing  it  through  a  prism  of  glass  having  an 
angle  of  60*,  by  which  it  is  decomposed  into  its  component 
colors.  When  a  body  looks  red  to  us,  it  is  because  it  absorbs  or 
destroys  all  the  oscillations  of  the  white  light  except  those  which 
give  us  the  sensation  of  redness.  If  it  be  blue,  only  the  vibra- 
tions that  give  us  the  sensation  of  blue  light  are  reflected. 
Some  Ijodics  and  solutions  rtllect  one  color,  and  transmit  another. 
The  color  transmitted  is  usually  the  complement  of  the  one 
reflected  ;  /'.  ^.,  if  the  two  lights  are  mixed  together  they  produce 
the  fensation  of  white  light.  If  a  solution  of  nickel  salt  and 
one  of  cobalt  are  cautiously  mixed,  the  color  of  the  one  mixes 
with  that  of  the  other  so  as  to  forni  a  colorless  solution,  because 
Ihe  colors  are  complementary.  » 

The  Spectrum.— When  a  beam    of  white  light  is  passed 
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through  a  prrsm.  as  represented  in  Fig.  ii,  it  is  not  only  refracted 
—  that  is,  bent  from  its  original  course,  but  the  colors  of  which 
St  is  composed  being  unequally  bent,  are  separated  from  one 
another.  If  now  we  allow  them  to  fall  upon  a  white  screen,  S, 
Fig.  II,  ihey  produce  a  series  of  blending  tints  upon  it,  which 
are  called  u  spectrum. 

The  red  rays,  which  are  least  bent  from  their  course,  are  said 
to  be  the  least  refrangible,  while  the  violet  are  the  most 
refrangible.  Intermediate  between  these  colors  we  find  the 
orange,  yellow,  green,  blue,  and  indigo.  The  prism  thus  gives  us 
an  easy  means  of  analyzing  a  beam  of  light,  to  show  the  character 
of  the  rays  producing  it.  Such  observations  are  usually  con- 
ducted by  means  of  an  instrument  called  a  spectroscope. 


I 
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The  Spectroscope. — Fig.  13  will  illustrate  the  construc- 
tion of  the  spectroscope.  The  light  is  received  from  the  source 
of  light,  through  a  very  narrow  slit  (S),  regulated  by  a  screw; 
it  passes  through  the  tube  (A),  called  the  coHimator,  and  is 
directed  through  the  prism  (P)  which  may  be  made  of  flint  glass, 
or  it  may  l)e  made  hollow  and  filled  with  bisulphide  of  carbon.  In 
some  instnimenis  there  are  several  flint  glass  prisms  so  arranged 
that  the  light  is  made  to  pass  through  all  of  them,  so  as  to  secure 
a  wider  dis]>eniion  of  the  rays  than  can  be  obtained  with  one  prism. 
The  beam  of  light,  after  traversing  the  prisms,  is  viewed  with  the 
telesco]je  at  (B).  For  purposes  of  comparison,  an  additional  tube 
(L>)  is-attached,  by  which  another  light  may  be  thrown  upon  the 
surface  of  the  prism  so  as  to  be  reflected  through  the  telescope 
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by  the  side  of  the  light  from  (S).*  Many  instniments  now  made 
are  so  arranged  that  the  ray  of  light  in  passing  through  the  prism 
is  not  Uein  Irom  its  course,  and  these  are  called  direct  vision 
spectroscopes. 

Bright  Lines. — When  we  view  mono-chrotnatic  light 
with  the  si>ectroscope — that  is.  a  light  composed  of  but  one  color, 
we  see  only  a  vertical  image  of  the  slit  at  I?,  and  its  position  will 
depend  u\}on  the  refraiigibility  of  that  color.  If^  on  the  other 
hand,  we  illuminate  the  slit  with  a  light  containing  several  rays 
of  difTerent  degrees  of  refrangibility,  we  shall  see  one  image  for 
each  ray  [irescnt ;  and  ihey  will  be  separated  from  one  another 
by  their  differences  of  refrangibility.  The  same  color  alwjys 
appears  in  the  same  position  with  reference  to  the  others.  If 
we  look  at  a  solid  body,  heated  till  it  emits  a  pure  white  light, 
there  are  so  many  images  spread  out  on  the  field  of  vision, 
that  one  overla|>s  another  until  there  are  no  dark  spaces  l>ctwcen 
them,  and  thus  give  a  continuous  spectrum,  as  it  is  called. 
If  we  place  a  light  l>efore  the  slit  which  emits  very  little  light  of 
its  own,  such  as  that  given  by  a  Dunsen  burner,  and  then  put 
into  this  flame  a  little  sodium  which  gives  a  pure  yellow  light,  we 
shall  see  but  one  image  of  the  slit,  and  that  in  the  position 
occupied  by  the  yellow  in  the  continuous  s|jectrum,  or  the  I>  line 
in  the  solar  spectrum.  If  we  use  lithium  instead  of  sodium,  we 
get  one  image  in  the  position  occupied  by  the  red  ;  if  thallium  be 
used,  the  single  image  is  seen  in  the  jxisition  of  the  green.  If 
we  mix  the  three,  we  shall  see  the  three  images  as  bright  lines, 
each  in  its  own  position — one  in  the  yellow,  one  in  the  red,  and 
one  in  the  green.  In  the  best  instruments  the  yellow  sodium 
line  appears  as  two  parallel  lines.  If  we  illuminate  the  slit  with 
the  vai>or  of  a  metal  which  emits  rays  of  several  different  degrees 
of  refrangibility,  we  shall  see  several  images,  or  bright  lines,  in 
different  portions  of  the  field.  Any  given  element  always  emits 
the  same  rays  under  like  conditions  ;  hence,  by  the  use  of  the 
spectroscope,  we  may  determine  by  the  lines  we  see  in  the  tele- 
scope what  element  Ls  introduced  into  the  flame  of  the  lamp. 

Solar  Spectrum— Dark  Bands. — If  we  illuminate  the 
slit  with  the  liglu  of  the  sun,  we  see  ;ilmost  a  continuous  s|>ectruin 
marked  by  a  number  of  dark  lines,  known  as  *' Fraunhofer's 
lines,"  the  cause  of  which  we  shall  refer  to  again. 


i 


*  For  an  explanation  of  the  principle  of  lenses  the  student  is  referred  to 
works  on  Fhysics. 
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ic  most  prominent  of  Ihcst  dark  lines  Imvc  Iwen  tlcsignnlcd  by  llie  leltcre 
of  the  a1])liaL>el,  ms  uill  be  -et'n  nn  reference  lo  llic  vlar  s|>eclnim  in  the 
frontispiece.  Ihc^c  Iinc&  ^r\r.  as.  bitdinark»  ii)kiii  the  >|>ccituin,  liy  wlticti 
we  can  \\%  the  {lOsiiion  i>f  olhcr  lines,  or  by  which  we  can  designate  the  jiobi- 
lioii  of  any  line.  Ihc  1>  line,  for  example,  is  ihc  in(6t  brdliant,  and  con 
alw.iy»  be  been  in  the  ^oIar  >|-ec(njiii.  i  his  senei  ns  a  &tariin{^  |x>int  in 
mapping  ihc  apcctninj,  or  ns  a  guide  in  focusing  or  odjikMing  the  lcle*cope. 


Spectrum  Analysis. — The  sitcctroscope  is  an  important 
aid  to  chemical  anal\sis  when  used  with  certain  ])recautions.  and 
with  certain  well-known  facts  in  its  use,  kept  in  mind. 

TTie  principles  iiix)n  which  spectrum  analysis  is  founded  are 
as  follows : — 

isl.  All  Ixxiics,  when  intensely  heated,  become  luminous. 

2d.  Solid  and  litjuid  bodies,  if  opaque,  emit  when  heated,  firsl 
a  red  light,  and  as  the  tenifH^rature  rise^  the  other  colors  make 
iheir  api)earance»   and  mingle  with   it  until   all   ihc  colors  are, 
present  and    produce   while  light.     If  the  tcmj>crature  reaches' 
whai  is  called  a  blue  heat,  the  blue  and  violet  begin  to  predomi- 
nate. 

^d.  The  elementary  substances  give  their  chararteristic  and 
peculiar  Uj=;hi  only  in  the  stale  of  gas  or  vapor.  Hence,  when 
we  examine  the  light  from  any  given  source,  we  conchide  if  the 
spectrum  is  continuous,  that  the  heated  substance  is  a  liquid  or 
a  solid,  while  if  the  spectrum  is  broken,  that  it  is  a  huninous  gas 
or  vai>0T.  From  the  (losition  of  the  bright  lines,  we  determine 
the  nature  of  the  substance  giving  the  light.  There  are,  how- 
ever, a  few  exceptions  to  this  principle.  Under  certain  conditions, 
even  a  gas  may  give  off  a  light  that  will  give  a  continuous 
sipectrum. 

4th.  At  the  temperature  at  which  gases  or  va|X)rs  become 
luminous,  compound  bodits,  as  a  rule,  break  up  into  their  con- 
stituents; /.  r..  the  elemental  atoms  seem  lo  Ik;  dissociated.  For 
this  reason  little  is  known  of  the  s|xrcim  of  comj>ouiid  bodies. 

5lh.  At  a  high  temperature  the  metallic  atoms  arcjiiuch  more 
luminous  than  the  non-metallic  with  which  thev  are  assoriated. 
Hence,  when  we  examine  the  vapor  of  a  metallic  siilt  rendered 
luminous,  the  light  emitted  is  so  largely  that  uf  the  dissociated 
metallic  atoms,  that,  whatever  salt  of  that  metal  be  used,  we 
obtain  essentially  the  speclnim  of  the  metal  itself. 

6th.  If,  when  ihe  slit  of  the  spectroscope  is  directed  toward  a 
source  of  white  light  giving  a  continuous  spectrum,  another  flame 
giving  a  niono-cliromatic  light  from  a  luminous  vapor  bo  inter- 
posed between  the  white  light  and  the  slit,  a  dark  image  of  the 
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slit  will  appear  in  the  position  where  the  vapor  itself  would  have 
given  a  bright  line.  That  is,  when  the  light  from  a  liquid  or 
solid  luminous  body  is  made  to  pasi  through  a  luminous  vapor, 
those  rays  of  light  which  the  vajxvr  of  itself  emits  are  absorbed. 
Hence,  when  we  analyze  the  light  of  a  distant  source  of  light, 
and  observe  aconiinuoiis  spectrum  marked  by  dark  lines,  we  may 
conclude  that  it  is  produced  by  a  solid  or  liquid  luminous  body 
shining  tlirough  a  luminous  va{>or.  This  explains  the  dark  lines 
seen  in  the  solar  spectrum.  They  teach  us  that  ihc  sun  is  a  solid, 
intensely  luminous  body,  surrounded  by  a  luminous  atmosphere. 

7th.  Many  substances  in  solution  alworb  certain  rays  from  a 
beam  of  white  light  passed  through  them,  and  the  portions  of 
the  si)ectrum  alisnrhed  are  peculiar  to  each  substance.  We  thus 
have  a  means  of  detecting  the  presence  of  a  few  substances,  which 
cannot  be  rendered  luminous,  by  passing  a  white  light  through 
the  sdhition  sus[)ected  to  contain  them. 

Absorption  Spectra. — When  we  wish  to  observe  the 
spectrum  of  a  liquitl,  we  place  it  in  a  glass  tube,  or,  preferably,  a 
vessel  having  parallel  sides,  and  place  this  before  the  slit  of  the 
spectroscope.  Wt;  now  throw  a  strong  white  light  through  the 
solution  and  into  the  slit  oT  tlie  instrument.  Solutions  of  erbium 
and  didymium  examined  in  this  way  absorb  certain  portions  of 
the  spectrum  given  by  the  source  of  light.  The  particular  por- 
tions of  light  absorbed  are  [peculiar  to  each,  and  in  these  cases 
the  dark  bands  across  the  bright  spcrctrum  occupy  the  same  |>osi- 
tions  in  which  the  va[)ors  of  these  elements  give  light  bands. 
Absorption  bands  diflfer  from  the  dark  lines  of  the  solar  spectrum, 
in  being  broader  and  not  so  sharply  marked.  They  are  often 
only  a  slightly  darkened  portion  of  a  bright  spectrum.  Even 
passing  the  light  through  a  crystal,  in  some  cases,  gives  the  same 
result  as  passing  it  through  its  soluiion. 

The  use  of  the  si3cctroscope  in  meiicine  and  toxicology  is 
chiefiy  confined  to  the  observation  of  absorption  spectra  of  vari- 
ous solutions.  Some  idea  of  the  appearance  of  such  si>ectra  may 
be  obtainej  by  reference  to  the  frontispiece,  remembering  that 
the  spaces  which  ap|)ear  white  there,  are  in  practice  occupied  by 
the  colors  of  the  >olar  si>ectruni  in  their  appropriate  places.* 

Chemical  Effects  of  Light. — If  a  mixture  of  pure 
hydrogen  and  chlorine  gases  be  prepared  in  the  dark,  and  kept 
there,  no  combination  takes  place;  if  the  mixture  be  brought 
out  into  a  light  room,  a  gradual  combination   takes  place,  and 
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*  Sec  Rosenberg  or  MeMunn  011  the  use  of  (he  BpeclrMCope  in  medicine. 
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hydrochloric  acid  is  the  result ;  if  the  mixture  be  placed  in  the 
direct  rays  of  the  siin,  instead  of  diffused  light,  the  combination 
takes  place  with  an  explosion.  The  light  in  this  case  abuses 
chemical  action.  The  electric  light  and  other  intense  lights  pro- 
duce the  same  action.  If  a  piece  of  while  paper  wet  with  a  solu- 
tion of  nitrate  of  silver,  be  kepi  in  a  dark  room,  no  change  takes 
place  in  it;  but  if  the  pa|*er  he  exposed  to  a  strong  light,  it 
begins  to  grow  dark  and  hnally  becomes  black. 

Many  chemicals  kept  in  the  light  are  in  time  sensibly  changed. 
Silver  and  gold  solutions,  in  presence  of  organic  matter,  deposit 
a  |iart  of  their  metal  in  the  metallic  form.  Nitric  acid  becomes 
slowly  yellow  from  the  decomposition  produced  by  the  light.  A 
solution  of  the  syrup  of  the  iodide  of  iron,  on  exposure  to  air, 
becomes  brown  from  decomposition ;  but  on  exposure  to  the 
direct  sunlight  it  again  recombines  and  returns  to  the  normal 
green  color.  The  art  of  photography  is  based  ujion  the  changes 
produced  by  light  in  silver  salts,  gelatin,  etc.  Sometimes  the 
change  seems  to  be  a  true  chemical  reaction,  and  in  other  cases 
it  is  a  molecular  change  only. 

It  hfts  he«n  found  that  it  U  not  always  the  lunninous  part  of  the  ny  of  light 
that  effects  these  chan^re^,  but  that  (hey  are  chiefly  produced  by  certain  invisible 
T^yi  round  most  abun'Untly  in  and  beyond  the  vii^iet  part  of  the  spectrum. 
From  this  it  has  been  concluded  that  the  light  of  the  sun,  as  well  as  the  li^ht 
from  some  other  sources,  contiins  certain  rays  having  this  power  to  produce 
chemical  changes,  but  which  do  not  affect  the  eye  to  give  the  sensation  of  light. 
This  action  is  known  as  actinism,  and  the  rays  producing  it  are  called  actinic 
r«y». 

The  heat  rays  which  accompany  the  light  rays  in  an  ordinary 
beam  of  light  are  less  refrangible  than  the  latter,  and  are  there- 
fore found  principally  in  the  orange,  red,  and  ultra-red  portions 
of  the  spectrum. 

We  thus  have  three  kinds  of  rays  in  the  solar  spectrum. 

I  The  heat  rays  extend  from  without  the  red  to  the  line  ^(see 
frontispiece),  being  most  intense  at  A  or  in  the  red. 

U.  Hie  light  s^jectrum  extends  from  A  to  H,  being  most 
intense  l>eiween  I)  and  E. 

111.  The  actinic  ra)*s  found  from  K  to  some  distance  beyond 
the  %'iolet,  and  being  most  intense  at  H. 

Polarization  of  Light. — Ordinary  light,  according  to  the 
wave  theory,  is  due  to  vibrations  of  the  luminiferous  ether  occur- 
ring in  all  directions  or  planes  at  right  angles  to  the  path  of  the 

A  ny  of  light  is  said  to  be  plane  polarized  when  these  vibra- 
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lions  are  so  changed  as  to  occur  only  in  one  plane.  This  diange 
in  the  vibrations  may  I)e  prodnted  by  passing  the  ray  of  light 
through  certain  crystrtls,  such  as  Iceland  spar,  sclenite,  qiiariz, 
etc.,  or  by  reflection  from  a  glass  ]»late  placed  at  an  angle  of 
35°  25'  to  ihe  jiath  of  the  ray,  or   from   water   at  an  angle  of 

Si°  45'- 

Wc  may  illuslrate  the  effect  of  ]  olarization  u\x>n  a  ray  of  liphl, 
loiighly,  by  a  string  stretched  lietwcen  two  points,  A  and  li,  Fig. 


4 
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14.  If  WC  touch  the  string  with  the  finger  it  is  free  to  vibrate 
all  directions,  up  and  down,  side  to  side,  or  in  any  intervening 
jilane.  If  now  we  place  over  the  centre  of  the  siring  a  piece  of 
cardboard,  C,  Fig.  15,  with  a  long  slit  cut  in  it,  and  then  cause 

KiG.  15. 


the  string  to  vibrate,  the  vibrations  will  be  limited  to  the  direc- 
tion of  the  length  of  the  .slit  in  the  card.  This  may  serve 
to  illuslrate  the  effect  of  a  i>olarizing  crystal  uix)n  a  ray  oY  light. 

l(,  in  this  experiment  a  second  piece  of  cardboard  be  employed, 
so  held  that  the  slit  is  in  the  same  |x)sition  as  the  first,  no  inter- 
ference with  ihe  vibration  will  take  place.  Iliis  cardUiard  may 
serve  to  represent  a  second  section  of  a  crystal  through  which  the 
light  is  made  to  pass. 

If,  while  the  string  is  vibrating,  the  second  piece  of  cardboard, 
D,  is  made  to  revolve  thiough  90°,  so  that  the  slit  in  this  card  is 

right  angles  with  that  in  the  first  card,  the  vibrations  of  the 
:ring  will  be  limited  in  all  directions,  and  it  will  cease  to  vibrate. 

If,  instead  of  the  string  we  use  a  ray  of  light,  and  in  jilace  of 
the  canlboards  we  use  sections  of  a  fwlarizing  crN'stal,  the  vibra- 
tions of  the  ra)  will  be  limited  (o  one  direction,  but  continue  to 
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I>as5»  05  long  as  both  crysfalsare  in  the  same  relative  i>osition.  If 
>^c  conceive  a  crosi  section  of  a  ray  of  h4;ht  magnified,  we  might 
rej^rcient  the  jjath  ol*  ihe  viliraiions  of  the  molecule  by  the 
&pokc>  of  ii  wheel  as  at  A.  Fig.  i6. 


Vk.  i6. 
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We  may  conceive  that  the  molecules  of  the  crystal  are  arranged 
in  lines  so  that  they  interfere  with  all  vibrations  not  in  the  same 
plane  as  these  rows  of  molecults. 

In  the  first  crystal  we  may  conceive  these  rows  to  be  vertical. 
The  light,  after  [>assin^'  tlirough  this  crystal,  as  shown  in  cross* 
seftion  at  B.  is  seen  to  be  polarized  in  the  vertical  plane,  /.  ^., 
the  \ibrations  of  the  particles  of  ether  are  reduced  to  one  plane. 

If  a  second  crj-stal  be  inter|>nscd  in  the  jwlh  of  the  polarized 
ray,  and  held  in  the  same  ftosition  wiih  reference  to  its  axes  or 
linis  of  moletiiles,  the  ray  will  pa?s  nnobstnicted. 

If  the  second  of  the  crystals  be  rotated  ihrongh  90°,  this  will 
interfere  with  the  vibrations  of  the  ray  as  pobri/ed  by  the  first 
cr)-stal,  and  they  will  cease;  /.  r,  no  lii^ht  will  pass  through  this 
second  cr)slal.  Only  those  vibrations  can  pass  this  crystal  which 
lake  pbcc  in  the  plane  shown  in  C.  at  right  anyles  with  those  shown 
by  H.  I'olarizing  crystals  cannot  be  supposed  to  contain  slits,  as 
here  indicated,  but  their  molecules  arc  so  arranged  as  to  sift  the 
light  that  ]>asses  through  them  and  limit  the  vibrations  of  the 
luminiferous  ether,  just  ns  the  slit  in  the  cardlnjard,  in  our 
first  illustration,  does  the  vibrations  in  the  string. 

If,  in  the  above  experiment,  we  f)lace  the  cards  upon  the 
string,  so  that  the  slit  in  one  makes  an  acute  angle  with  that  in 
ihc  oiher,  the  string  will  still  continue  to  vibrate,  but  it  wdl 
swing  through  a  shorter  distance,  which  will  grow  shorter  as  the 
scfond  card  is  rotated.  That  is,  the  vibrations  are  gradually 
siof»ped  as  the  card  is  turned.  The  same  i)henomena  are 
ifaficr^ed  with  the  ci>staLs.  If  the  crystals  are  placed  in  the 
fwsition  with  relation  to  their  principal  axes,  the  light 
freely.  If  one  of  them  be  rotated,  the  transmitted  light 
grows  gradually  less  and  less  until  the  crystal  is  turned  through 
90*.  when  almost  total  darkne*s  results.  There  is  nothing  in  the 
api^arancc  of  a  i»olari/ed  ray  to  indicate  to  the  naked  eye  its 
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I>eculiar  condition;  but  if  the  eye  be  aided   by  a  polarizing 

prism,  it  is  easy  to  detect  ihe  fact  that  it  is  polarized. 

Double  Refraction  and  Polarization.— If  a  black  dot 
on  a  sheet  of  paper  be  looked  at  through  a  crystal  of  Iceland 
spar  ( Calcite),  there  appear  to  be  two  dots.  The  ray  of  light  in 
passing  through  the  crystal  to  the  eye  is  split  into  two  rays  of 
equal  brilliancy.  If  the  crystal  be  rotated,  one  of  the  dots  revolves 
around  the  other.  The  ray  that  gives  the  slationLiry  image  is 
called  the  ordinary  ray,  while  the  other  is  called  the  extra- 
ordinary ray.  Both  rays  are  polari/ed,  and  in  planes  which  are 
ai  right  angles  to  each  other.  It  is  found  that  certain  non-crys- 
talline substances,  like  muscle,  cilia,  etc.,  are  doubly  refracting. 

The  Nicol  Prism  is  the  prism  usually  employed  as  the 
analyzer  in  polariscopes.  It  consists  of  a  rhombohedron  of 
Iceland  spar  divided  through  its  obtuse  angles  b,  d,  e,  f,  Fig.  17, 
and  at  right  angle  with  the  surface  a,  b,  c,  d.  The  cut  surfaces 
are  jtolished  and  cemented  together  again  in  the  former  position, 
with  Canada  b;ilsam. 

When  a  ray  of  light  is  passed  into  such  a  prism,  it  is  split  into 
two  portions,  /im,  the  extraordinary,  and  ////,  the  ordinary  ray. 
When  An  meets  the  Canada  balsam  at  «,  it  undergoes  total  refrac- 


tion and  passes  out  in  the  direction  no;  while  the  extraordinary 
ray  passes  through  and  emerges  alone  in  a  direction  parallel  to 
the  entering  ray.  By  the  use  of  such  a  prism  the  light  is  com- 
pletely polarize*!  in  one  plane. 

If  a  second   Nicol   prism  be  mounted   in  a  tube  so   that  the 
light  may  pass  directly  through  both  prisms,  we  have,  in  princi- 
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pie,  an  instrument  known  as  the  polariscope.  When  the  two 
prisms,  thus  mounted,  are  in  the  same  position  with  reference  to 
their  axes,  the  light  p;is>es  readily  through  boil).  On  rotating  one 
of  the  prisms  to  the  right  or  to  the  left,  the  light  is  more  and 
more  obitriicted  until  the  prism  is  turned  through  90°,  when  very 
little  if  anv  light  {basses  through.  The  use  made  of  this  pro|>erLy 
of  the  Nicol  prism  will  he  referred  to  again. 

Rotation  of  the  Plane  of  Polarization. — Certain  crys- 
tals, such  as  quartz,  certain  lluids,  such  as  turpentine  and 
solutions  of  certain  substances  like  sugar  and  albumin,  tiavc  the 
power  of  rotating  the  plane  of  the  polarized  ray  sent  throuj'h 
them  to  the  right  or  left.  Such  substances  are  said  to  be  opti- 
cally active.  The  degrees  of  a  circle  through  which  the  rota- 
tion occurs,  often  serve  for  the  accurate  estimation  of  these  bodies. 
This  method  maybe  used  for  the  estimation  of  the  sugars,  turi)en- 
tine.  certain  alkaloids,  albumin,  etc.  The  rotation  produced  is 
different  for  diffcrcni  kinds  of  light.  White  light  is  split  into  its 
various  colors,  each  color  being  rotated  differently.  While  light 
cannot,  therefore,  be  employed  for  transmission  througli  the 
instrument  in  these  examinations.  A  monochromatic  light,  usually 
that  from  volatilizing  a  sodium  salt  in  the  flame  of  a  Bunsen 
burner,  is  employed.  This  gives  a  bright  yellow  light,  which  is 
practically  monochromatic. 

Polarimetcrs  or  Polariscopcs  are  instniments  for  deter- 
mining the  strength  of  solutions  of  sugar,  albumin,  etc.,  by 
the  direction  and  amount  of  rotation  they  produce  in  the  plane 
of  |x>larized  light.  They  arc  sometimes  called  sacchari- 
meters,  because  they  are  constructed  especially  for  the  estitiu- 
lion  of  sugar. 

There  are  in  the  market  various  forms  of  polarimeters,  but  in  all 
forms  of  the  apjiaratus  the  (>olarizer,  or  means  of  obtaining  a  lieam 
of  polarized  light,  consists  of  the  Nicol  prism  above  described. 
The  analyzer  is  c^im posed  of  a  similar  Nicol  prism,  and  a  telescope 
i*  frequently  employed  as  an  eye  piece.  The  polarizer  is  mounted 
at  P.R.  (Fig.  18).  The  analyzer  is  so  mounted  at  H  that  it  may  be 
rotated  about  its  hmg  axis,  and  is  provided  with  an  arm  which 
moves  upon  a  graduated  scale,  so  that  the  degree  of  rotation 
from  the  zero  |x>int  may  be  measured  in  degrees  of  the  circle. 
A  solution  of  the  substance  to  be  examined  is  placed  in  a  tube 
with  glass  ends  and  brought  between  the  polarizer  and  analyzer 
in  the  -^upiwrt  L.  The  light  after  being  polarized  passes  through 
the  tube  and  then  through  the  analyzer. 

Laurent's  polarimeter  (Fig.  18)  is  one  of  the  simplest  and 
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l^st.  In  this  inslrunient  one-half  of  the  field  of  vision  is  covered 
by  a  very  ihin  i)laie  of  quartz,  which  slightly  roiates  the  plane  of 
ihe  light  passing  through  it,  and  causes  some  light  to  pass  even 
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quaru  plate  to  become  dnrk,  the  light  passes  through  the  uncov- 
ered half  of  the  Intrld.  In  an  intermediate  position  the  two  halves 
of  the  field  appear  equally  illuminated.  The  scale  (C)  is  so 
graihiated  that  tijis  pi>sitiot»  of  the  analyzer  is  made  the  zero 
point  of  the  instrument.  The  slightest  deviation  of  the  analyzer 
from  this  position  causes  one-half  of  the  field  to  appear  darker 
and  the  other  half  lighter.  There  is  thus  presented  to  the  eye 
two  lights  to  L»e  compared,  and  the  instrument  is  thus  very  sensi- 
tive. Monochromatic  light  must  be  used.  In  some  instruments 
the  circle  is  divided  both  into  dej^rees  and  sugar  units,  or  per- 
centages. The  scale  is  read  by  means  of  a  vernier  and  lens  (N). 
Before  using  an  instniment,  the  observation  tube  is  fille<l  with 
water  and  placed  in  position  between  the  analyzer  and  i>olarizcr. 
If  the  instrument  is  properly  adjusted,  the  zero  mark  on  the  ver- 
nier will  correspond  with  the  zero  point  of  the  scale,  when  the 
two  halves  of  the  field  are  equally  illuminated.  The  iul>e  is  then 
filled  with  the  solution  to  be  tested  and  again  placed  between 
the  analyzer  and  polarizer,  when,  if  it  is  an  activ'^  sul)stance,  the 
plane  of  the  polarized  ray  coming  from  the  analyzer  will  be 
turned  to  the  right,  or  to  the  left,  in  [wssing  through  the  solution, 
and  one-half  of  the  field  will  be  lighter  than  the  other.  The 
amount  of  rotation  of  the  plane  of  the  iK)larized  ray  will  be  pro- 
portional to  the  amount  of  the  active  substance  in  the  solution. 
It  wdl  now  be  necessary  to  rotate  the  analyzer  (H)  to  the  right 
or  to  the  left,  so  that  the  two  halves  of  the  field  will  again  appear 
eqtially  illuminated.  When  this  has  l>een  accomplished,  we  may 
read  ofi*  on  the  vernier  the  degrees  of  the  circle  through  which 
the  analyzer  has  !)een  rotated.  In  this  way  the  amount  of  rota- 
lion  of  the  polarized  ray  is  determined. 

The  specific  rotary  power  of  any  substance  is  the 
loimt  of  rot.ition  of  the  plane  of  polarized  light,  in  degrees  of 
torcle,  produced  by  i  grra.  of  the  substance  dissolved  in  i  c.  c. 
the  liquid,  examined  in  a  tube  i  decimeter  in  length.  The 
specific  rotary  fKJWcr  of  a  substance  is  obtained  by  dividing  the 
angular  rotation  observed  in  the  (>olarimeter  (a),  by  the  length 
of  the  lube  in  decimeters  (I)  and  by  the  number  of  grms.  in 
I  c.  c.  of  the  liquid  (w).  If  a  sodium  (lame  be  used  as  a  source 
of  lii^ht.  the  s|)ecific  rotation  of  the  substance  is  that  of  light 
with  wave  lengths  corresiKjnding  to  the  O  line  of  the  solar 
spectrum,  and  is  usually  denoted  by  (a),.  Then  the  above 
statement  may  be  expressed  as  follows: — 
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In  this  formula  plus  indicates  that  the  substance  is  dextrorota- 
tory and  minus  that  the  substance  is  levorotatory.  If  in  this 
formula  the  specific  rotatory  power  of  the  substance  under 
examination  be  known  and  we  wish  to  find  the  value  of  (^w),  or 
the  weight  of  the  substance,  then  the  formula  becomes : 


In  this  formula,  a  is  the  observed  rotation,  I  the  length  of  the  tube 
in  decimeters,  which  is  known,  and  (a)^  the  specific  rotatory 
power,  which  has  been  determined  for  all  well-known  optically 
active  substances,  w  can  easily,  therefore,  be  calculated.  The 
specific  rotatory  power  of  a  few  of  the  most  important  optically- 
active  substances  are  as  follows : — 


Cane  sugar,  (a)D  =  -f    73-8° 

LcTulose,         (•1dss» — 106° 

Milk  sugar.  "      "    +    59-3'* 

Egg  albumin,    ••      ••  —    33.5** 

Dextrin,         "      "    +  lja»** 

Scrum       "        "      "*  —    56° 

Dextrose,      "      "    +    56° 

Gelatin^              '<      "  —  130° 

ELECTRICITY. 

Electricity  Produced  by  Friction. — If  a  piece  of  glass 

rod  or  tube,  sealing-wax,  resin,  or  sulphur  be  rubbed  briskly 
with  a  piece  of  flannel  or  silk,  it  will  be  found  to  have  actjuired 
properties  which  it  did  not  previously  jx>ssess,  namely,  of  attract- 
ing to  itself  such  light  ol)jects  a^  bits  of  paper,  feather  or  dust. 
After  adhering  to  the  glass  rod  for  a  few  seconds  these  objects 
are  thrown  olT  again  with  a  perceptible  force.  This  property 
was  first  observed  in  amber,  or  electron,  a.s  the  Greeks  called  it, 
as  early  as  600  B.  c.  Dr.  Gilbert,  of  England,  about  1600, 
showed  that  a  very  large  number  of  bodies  exhibit  the  same 
property,  which  he  called  electrics.  Since  his  time  the  name 
electricity  has  been  used  to  designate  the  agency  at  work  to 
produce  these  phenomena.  A  better  way  of  showin}^  these  phe- 
nomena is  by  means  of  a  ball  of  elder-pith  suspended  by  a  fine 
silken  thread.  If  the  excited  glass  ntd  l)c  presented  to  the  pith- 
l>all,  the  latter  is  attracted  and  then  thrown  off.  If,  now,  a  piece 
of  sealing-wax  be  rubbed  and  presented  to  the  electrified  pith- 
ball,  the  latter  is  strongly  attracted  to  it.  In  other  words,  a 
pilh-ball  that  has  been  charged  by  the  glass  is  repelled  by  the 
electrified  glxss,  but  is  attracted  by  the  electrified  sealing-wax; 
or,  if  electrified  by  sealing-wax,  it  is  repelled  by  it  and  attracted 
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by  the  glass.  We  thus  have  two  kinds  of  electricity  de\'e!oped 
by  these  two  substances.  If  two  pith-balls  be  sus(>cnded  by 
silk  threads  so  as  to  touch  each  other,  and  they  are  both  electri- 
fied or  charged  by  the  same  piece  of  glass  or  sealing-wax,  they 
will  be  thrown  apart  and  held  in  this  position  as  long 
as  they  remain  charged.  (See  Kig.  19.)  If  one  ball  ^'*^- *«• 
be  charged  from  glass  rubbed  with  silk,  and  the  other 
be  ch;irged  with  sealing-wax  rubbed  with  flannel,  they 
will  then  attract  ea<  h  other. 

This  fact  is  usually  stated  in  the  following  law:  — 
Bodies  similarly  electrified  repel,  and  bodies 
oppositely  electrified  attract  one  another. 

This  law  will  be  referred  to  again  as  an  aid  in  the  explanation 
of  many  other  phenomena. 

The  kind  of  electricity  produced  in  the  above  experiments 
depends  not  only  on  the  thing  nibbed,  but  also  on  the  rubber; 
for  glass  yields  the  one  kind  when  rubbed  with  silk,  and  the 
opposite  kind  when  rubbed  with  cat's  skin.  Resin  and  sealing- 
wax  rubbed  with  an  amalgam  of  tin  spread  on  leather,  yields  the 
same  electricity  as  glass  when  rubbed  with  silk,  but  yields  the 
opposite  kind  when  rubbed  with  flannel.  That  kind  produced 
by  glass  and  silk  has  received  the  name  of  positive  (  +  )  elec- 
tricity ;  the  electricity  produced  by  resins  rubbed  with  wool 
has  received  the  name  of  negative  ( — ).  These  two — p)ositive 
and  negative  electricities — when  brought  together  in  a  body 
ncturalize  each  other,  and  the  body  then  shows  no  electricity  at 
all.  The  electrification  of  either  kind  j)roduced  by  triction  or 
other  means  upon   the  surface  of  a  body  is  called  a  charge. 

The  body  which  shows  the  electrical  phenomena  is  said  to  be 
charged.  A  charge  may  be  large  or  small,  positive  or  negative. 
When  the  body  is  brought  again  to  the  natural  condition,  it  is 
said  to  l>e  discharged.  Good  conductors  of  electricity  are 
discharged  by  bringing  them  in  contact  with  the  ground,  or 
touching  them  with  the  hand.  The  discharge  is  usually  instan- 
taneous, and  is  accompnied  by  a  snapping  sound  and  a  flash  of 
light,  called  a  spark,  which,  when  received  on  the  hand,  pro- 
duces a  pricking  sensation. 

The  condition  of  electrification  is  generally  conceived  to  be  a 
peculiar  disturbance  brought  about  in  the  molecules  of  a  body  or 
of  the  ether  surrounding  them.  This  condition  or  disturbance 
is  capable  of  being  imparted  to  neighboring  molecules  of  certain 
kinds,  but  not  readily  to  all  molecules.  Bodies  whose  mole- 
cules arc  leadily  affected  by  the  electrical  disturbance,  and  trans- 
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mit  it  from  one  lo  another,  arc  said  to  conduct  electricity,  or  are 
conductors  ;  those  whose  molecules  do  not  readily  take  up  and 
transmit  this  disturbance  are  called  insulators.  It',  for  illustra- 
tion, the  balls  in  the  apjjaratus  represented  in  I'ig.  lo,  p.  32,  are 
made  of  some  elastic  substance,  the  force  of  the  ball  A  is  trans- 
mitted to  B  ;  but  if  the  balls  are  made  of  loosely-wound  yarn  the 
force  is  not  traiismitted.  Whether  the  force  is  transmitted  will 
de|>end  upon  the  com|>osition  of  the  balls.  So  in  electricity,  the 
question  of  conductivity  det)ends  upon  the  composition  of  the 
molecules. 

The  metals  are  generally  good  conductors  of  electricity,  while 
gases  and  the  non-metals  are  poorer  conductors.  Electricity 
may  either  reside  upon  the  surface  of  bodies  as  a  charge,  or  it 
may  be  transmitted  through  their  molecules  as  a  current. 

Electricity  by  Induction. — If  we  electrify  by  friction  a 
glass  globe  or  flask,  mounted  upon  a  glass  support,  and  then 
bring  near  it,  as  re|)resented  in  Fig.  20.  a  large  sausage-shaped 
metallic  conductor,  also  mounted  upon   a  non-conducting  glass 
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support,  we  shall  find  that  the  two  ends  of  this  conductor  exhibit 
all  the  properties  of  an  electrified  body.  They  will  attract  bits  of 
|iaper  ;  and  pith-balls  mounted  upon  these  ends  are  repelled,  as 
shown  in  the  cut,  while  the  centre  of  the   conductor  shotvs  no 
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sign  of  electrification.  Further  examination  will  show  that  the 
two  ends  show  o[>f»oiite  kinds  of  electrilkation.  The  end  nearest 
the  electrified  glass  will  show  a  negative  charge,  while  the  other 
shows  a  iK)sitive  charge.  When  the  glass  globe  is  removed,  the 
two  charges  neutralize  ayain  and  dtsajii>ear.  This  influence  of 
an  electrified  body  upon  another  body  near  it  is  known  as  induc- 
tion. 

It  appears^  then,  that  a  positive  charge  attracts  negative  and 
TCjjels  iKKilive,  and  that  ihii  influence  is  exerted  at  a  considerable 
distance,  se|>ar.iting  the  two  charges  in  tlie  body  acted  upon  as 
long  as  the  inducing  body  continues  neiir  it.  'I'he  quantity'of 
the  two  charges  thus  sejKirated  will  depend  upon  the  ipiantiiy  of 
the  charge  upon  the  inducing  body,  and  its  nearness  to  the  con- 
ductor. Wy  the  qiuntity  of  a  charge  n(  electricity  we  mean  its 
power  of  doing  electrical  work  in  returning  to  a  state  of  equiiib- 
rium.     This  is  more  generally  spoken  of  as  its  potential. 

For  example,  a  highly-charged  body,  when  touched  with  the 
finger,  will  give  a  long,  brilliant  sjjark,  or  will  strongly  attract 
light  bodies,  while  one  charged  with  a  low  potential  may  give  no 
pjirceptible  spark,  and  attract  only  very  smili  bodies.  It  b  com- 
mon 10  hear  a  i»osiiive  ( hurge  referred  to  as  a  high  potential, 
while  the  negative  is  referred  to  as  a  low  potential. 

Other  Sources  of  Electricity. — Friction  U  not  the  only 
means  of  generating  electrical  disturbances.  Other  agencies  arc 
percussion,  compression,  heat,  chemical  action.  crystatii/.a- 
lion,  physiological  action,  contact  of  metals,  vaporization,  mag- 
netism, etc.  Indeed,  it  is  now  known  that  very  many  natural 
processes  arc  accomjjanied  by  electrical  disturbances.  Of  the 
many  (Kjssible  ways  of  producing  electricity,  the  principal  ones, 
employed  to  advantage  are  friction,  chemical  action  and  mag- 
netism. The  first  of  thes^i  combined  with  induction,  is 
htilizcd  in  llic  so-called  static  machines;  the  .si:cond  in  the 
ordinary  galvanic  battery,  and  the  third  in  the  dynamo  electric 
machines,  used  for  develo[iingixx\erful  currents.  For  niedual 
pur|x)scs  the  first  two  kinds  of  machines  are  chiefly  used  at  the 
present  lime. 

Static  Electric  Machines. — For  the  p.irposc  of  gene- 
rating large  •■quantities  of  electricity,  various  kinds  of  electrical 
machines  have  been  devised.  In  the  earlier  machines  a  glass 
cyhnder  was  used,  mounted  on  a  horizontal  axis,  and  provided 
with  a  crank  with  which  to  revolve  it.  Upon  this  cylinder  a  rub- 
ber, made  of  leather  dusted  with  tin  or  zinc  amalgam,  was 
immcil.  The  rubber  was  connected  with  the  earth,  while  a  brass 
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comb  or  row  of  points  connected  with  a  conductor,  similar  to 
one  represented  in   Fig.   20,  allowed  the  positive  electricity   to 
escape  from  the  glass  cylinder  to  the  conductor,  and  the  negative 
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to  escape  from  the  rondiiclor  to  the  glass  cylinder.  Glass  discs 
were  then  substituted  for  the  cylinder.  In  the  more  recent 
machines,  known  as  the  ToepKr-Holtz  machines  (see  Fig.  ai), 
the  rubbers  are  dispensed  with.  The  charge  is  developed  entire- 
ly by  induction  produced  by  rapidly  revolving  a  glass  plate  or 
disc  near  a  stationary  disc  bearing  two  armatures,  one  of  which 
must  contain  a  smal!  initial  charge  to  l>egin  with.  For  a  detailed 
description  of  this  somewhat  complicated  machine  the  student  is 
referred  to  works  on  Physics.  It  is  so  arranged  that  either  a  con- 
stant current  may  be  obtained,  giving  most  of  the  «ffects  of  the 
galvanic  current,  or  intermittent  shocks  giving  the  effects  of  the 
interrupted  currents,  or  those  of  the  electric  bath.  As  the  ]>oten- 
tial  of  static  electricity  is  much  greater  than  that  of  galvanic, 
about  to  be  considered,  it  may  be  ap|ilied  through  the  clothes, 
and  thus  obviates  the  necessity  of  uncovering  the  part  to  be 
brought  under  its  influence;  a  fact  greatly  appreciated  by  many 
])atients. 

MAGNETISM. 

Properties  of  Magnets. — The  name  magnet,  or  lodestone, 
was    given    by     the   ancients   to    certain     black,     hard    stones 
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found  in  various  parts  of  the  world,  which  possessed  the  power 
of  attracting  to  themselves  bits  of  steel  or  iron.  About  the  tenth 
or  twelfth  century  these  magnets  were  discovered  to  point  north 
and  south  when  suspended  by  a  thread.  Natural  magnets  are  an 
ore  o!"  iron,  known  as  mag^netite,  having  the  composition  Fe,0,. 
If  a  piece  of  hardened  steel  be  rubbed  with  one  of  these 
natural  magnets,  it  acquires  the  properties  of  the  magnet  and 
retains  those  proi>erties  for  a  very  long  time.  If  a  [>iece  of  soft 
iron  be  treated  in  the  same  way,  it  becomes  a  magnet  when  in 
contact  with  the  magnet,  but  loses  its  magnetic  pro()erties  when 
(he  latter  is  removed.  The  peculiar  qualities  of  a  magnet  are 
easily  shown  to  be  manifested  chiefly  at  the  two  extremities  only, 
when  brought  near  an  electrified  body,  as  was  noted  in  the  case 
of  the  conductor  A  B,  in  Fig.  15.  If  a  bar  magnet  l)e  dipped 
into  a  keg  uf  small  nails  and  withdrawn,  a  large  number  of  them 
will  adhere  10  the  two  ends  of  the  bar.  The  two  ends  where  the 
magnetic  force  is  strongest  are  called  its  ix>les.  A  light  magnet 
balanced  at  the  centre  upon  a  needle  point,  so  as  to  allow  free- 
dom of  movement,  is  called  a  magnetic  needle.  (See  Fig.  22.) 
Such  a  needle  always  arranges  itself 
nearly  due  north  and  south,  and 
always  in  the  same  position.  The  com- 
pass sold  by  0[>ticians  is  simply  such  a 
needle  mounted  above  a  dial,  marked 
with  the  *'  points  of  the  compass."  The 
end  of  the  needle  or  magnet  that  f»oints 
to  the  north  is  called  the  north  pole, 
and  the  other  the  south  pole.  If  a 
magnet  hie  broken  at  any  point  between 
the  two  poles,  each  of  the  pieces  becomes  a  magnet  with  two  poles ; 
it  is  therefore  imixvssible  tomake  a  magnet  with  but  one  pole.  In 
mignetism,  as  in  electricity,  like  poles  repel  and  unlike  poles 
attract  each  other.  The  force  with  which  a  magnet  attracts  or 
repels  another  magnet,  or  a  piece  of  iron,  is  called  the  magnetic 
force.  The  magnetic  force  acts  through  all  kinds  of  bodies 
except  iron  or  other  magnetic  metal,  and  varies  inversely  as  the 
»]uare  of  the  distance.  Iron,  nickel,  cobalt,  cerium,  chromium, 
and  manganese  are  recognized  as  magnetic  metals.  Pajier,  ])orce- 
lain,  and  oxygen  gas  are  feebly  magnetic.  Magnetism  may  be 
induced  in  a  piece  of  iron  by  the  near  presence  of  a  magnetic 
jjolc.  If  iron  filings  be  sprinkled  over  one  end  of  an  ordinary 
iron  l»r,  and  one  of  the  poles  of  a  permanent  magnet  Ix;  brought 
near  the  other  end  of  it,  the  filings  will  be  attracted  by  the 
iron  liar. 
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The  pole  of  the  bar  nearest  tlie  magnet  will  be  found  on  exariu- 
nation  to  be  of  the  opixisite  kind  to  that  of  the  magnet ;  in  this 
respect  magnetic  induction  resembles  electric  induction.  The 
magnet  is  not  weakened  by  the  induction,  but  rather  strength- 
ened by  the  reaction  of  the  newly-niadc  magnet  upon  its  polarity. 
Artificial  magnets  may  be  made  into  any  desired  form,  but  the 
ijsual  lurma  are  the  straight  bar  and  the  horseshoe  form.  The 
Jalter  form  admits  of  the  application  of  a  connecting  bar  of  soft 
iron  from  one  ix)Ie  to  the  other,  known  as  an  armature.  When 
u  magnet  is  not  in  use  the  armature  should  always  be  applied,  to 
retain  the  full  j  ower  of  the  magnet.  Long  thin  steel  magnets 
arc  stronger  in  i)roix)rtion  to  their  weight  than  thicker  ones; 
consequently,  strong  magnets  are  frequently  made  of  a  number  of 
long  thin  magnets  bound  together  after  being  magnetized. 

Electro-Magnets. — Heretofore  we  have  spoken  of  but  one 
method  of  makiug  a  magnet,  that  of  contact  with  another  mag- 
net.    If  a  bar  of  iron  be    thrust  into   the   hollow  of   a   spiral 
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or  coil  of  insulated  wire  through  which  a 


current  of  electricity  from  a  battery  is  made 
to  pass,  it  becomes  a  magnet  as  long  as  the 
current  |  asses  through  the  coil.  >Vhen  the 
current  isstopped  the  iron  ceases  lo  be  mag- 
netic. Sucli  a  barof  iron,  surrounded  with 
a  coilof  wirefor  the  pnrposeof  magnetizing 
it.  is  called  an  electro-magnet  ( Fig.  23). 
Elect romagnets  may  tc  made  much 
stronger  than  ihose  produced  by  any  other 
means.  If  a  bar  of  hardened  steel  be  thus 
niiignetized.il  remainsa  permanent  magnet. 
The  strength  of  an  electromagnet  is  pro- 
jwriional  lo  the  strength  of  the  current  passing  through  the  coil, 
and  to  the  number  of  turns  of  wire  in  the  coil.  It  takes  time  to 
produce  a  magnet  by  this  means,  some  large  magnets  rer|uiring 
from  one  to  two  seconds  to  reach  their  maxinmm  strength. 

The  magnets  of  large  dynamo-machines  irei|uenily  take  as 
long  as  ten  minutes  to  rise  to  their  full  working  strength.  If, 
into  a  coil  of  insulated  wire  connected  with  a  means  of  show- 
ing minute  currents  of  electricity,  a  steel  bar  magnet  be  thrust, 
there  is  a  momentary  current  sent  through  the  wire  by  the  induc- 
ing action  of  the  magnet.  On  now  suddenly  withdrawing  the 
magnet,  a  current  Ls  produced  in  the  op|>osite  direction  in  the 
wire.  These  facts  will  be  referred  to  again  when  we  come  to 
i])cak  of  the  action  of  the  induction  coil. 
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Theory  of  Magnetism.— The  best  explanation  of  Ihc 
phenomena  of  magneiUm  i.s  afforded  by  supposing  that  each 
molecule  of  the  bar  is  a  separate  niagnei  ;  for,  if  the  raagneti/cd 
bar  be  broken  in  small  pieces,  each  piece  is  found  to  be  a  perfect 
magnet.  If  this  v>roccss  of  mechanical  division  be  continued 
far  enough,  we  will  ultimately  arrive  at   the   molecule.     Each 
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molecule  will  then  have  two  poles,  one  seeking  the  north  and  the 
oiher  seeking  the  south  end  of  the  bar  ;  or,  when  a  bar  of  iron 
or  steel  is  magnetized,  the  molecules  are  all  so  arranged  that  tne 
same  |K>)es  point  in  one  direction,  as  represented  in  Fig.  24. 
Jty  this  theory  we  conclude  that  when  a  piece  of  iron  or  ^tecl  is 
nenir.il.  the  molecules  arrange  themselves  so  that  they  satisfy 
each  other's  polarity,  forming  closed  magnetic  circuits  among 
themselves,  thus: — 

_4-_-f 
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In  molecules  of  chemical  com[>ounds,  the  one  kind  of  atoms  is 
inherently  electro-positive,  or  north-seeking,  and  the  other 
clcclro-ncgalive,  or  south  seeking  ;  and  chemical  affinity  is  the 
manifestation  of  this  polar  energy  acting  between  two  kinds  of 
differently  polari/ed  atoms  or  groups  of  atoms. 

Electricity  Produced  by  Chemical  Action. — If,  in 
a  vessel  of  water  containing  a  little  sulphuric  or  hydrochloric 
acid  (i  to  20),  a  strip  of  zinc  and  one  of  copper  or  platinum  be 
immersed  and  prevented  from  coming  in  contact,  no  action  is 
seen  to  take  place,  provided  the  acid  and  zinc  be  pure.  If,  how- 
ever, wc  connect  the  two  strii«  of  metal  by  a  wire,  or  the  upper 
ends  of  the  striijs  are  brought  in  contact,  chemical  action  imme- 
diately lakes  place,  and  the  following  phenomena  are  observed  : 
I6t.  Small  bubbUrs  of  gas  are  seen  to  collect  on  the  surface  of 
the  platinum  strip,  while  the  zinc  slowly  dissolves,  atid  at  the 
same  tiojc  the  acid  begins  to  disapf)ear.  In  the  case  of  hydro- 
chloric acid,  the  chlorine  combines  with  the  zincj  and  the  hydro- 
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gen  escapes  from  the  opposite  plate.  2d.  We  shall  find  a  pecu- 
liar property  manifeslcd  by  ihe  wire.  If  a  magnetic  needle  be 
placed  near  the  wire  it  is  turned  from  its  course.  l(  the  wire  be 
broken  and  the  tongue  be  placed  between  the  two  ends,  a  ting- 
ling, metallic  taste  is  oI)served.  If  the  plates  are  large,  and  the 
ends  of  the  wires  are  placed  near  together  in  a  solutit>n  of  copper 
sulphate,  the  melallic  copjxrr  begins  to  dejxwit  on  one  of  the 
wires.  In  a  word,  a  forte  is  developed  in  the  wires  which  we 
call  electricity.  If  the  wires  arc  se|jarated  from  each  other  by 
air,  the  chemical  action  ceases,  the  gas  ccises  to  esca|)e,  and  the 
zinc  to  dissolve.  The  same  phenomena  are  observed  when  we 
substitute  for  the  above  metals,  zinc  and  lead,  zinc  and  gas  retort 
carbon,  etc.  It  is  only  necessary  that  the  plates  be  unequally 
acted  upon  by  the  fluid  in  which  they 
are  dipp.'d  ;  and  the  greater  this  lUffer- 
ence,  within  certain  limits,  the  stronger 
is  the  force  develo|ed  in  the  wire.  In 
order  that  these  phenomena  shall  take 
place,  the  following  conditions  are  neces- 
sary:  — 

The  plates  and  connecting  wires 
must  be  conductors  of  electricity. 

The  liquid  must  contain  some 
substance  with  which  one  of  the 
plates  can  form  a  chemical  action. 

Theory  of  the  Galvanic  Cell. — 
In  order  to  bring  the  working  of  the  cell 
clearly  before  the  mind,  let  us  assume 
the  ])lates  in  I'ig.  25  to  be  platinum  and 
zinc,  and  the  exciting  fluid  to  be  a  solution  of  hydrochloric 
acid.  The  space  between  the  plates  may  be  considered  to  be 
filled  with  molecules  of  the  acid,  each  molecule  com(»osed  of  one 
atom  of  negative  chlorine  united  to  one  atom  of  positive  hydro- 
gen. The  negative  chlorine  atoms  have  an  inherent  tendency 
to  combine  with  the  (>ositive  zinc  atoms,  which  are  capable  of 
taking  a  higher  positive  condition  than  hydrogen,  and  by  this 
tendency  the  zinc  atoms  become  strongly  charged  with  positive 
electricity  or  |X)siiive  polarity,  which  they  retain  as  long  as  they 
are  in  combination  with  the  chlorine.  By  this  means  live  rest 
of  the  zinc  plate  becomes  negatively  polarized  or  loses  elec- 
tricity. 

Now,  it  is  clear  that  if  there  is  no  chance  for  the  plate  to  conn- 
municate  with  the  earth,  or  some  neutralizing  body,  it  will  soon 


UACNETrSM. 


65 


^ 


P 

b 


rcjch  the  maximum  degree  of  negative  polarity  that  can  be 
induced  by  the  chlorine.  The  action  must  then  cease  until  the 
equilibrium  of  the  polarity  or  electricity  in  the  plate  has  been 
established  ;  or  m  our  primitive  cell,  until  the  wires  connecting 
the  plates  are  brought  in  contact,  when  a  neutralization  takes 
place,  and  the  action  continues. 

Thus;  far  we  have  considered  only  the  negative  plate.  When 
the  chlorine  atoms  leave  the  hydrogen  for  the  more  (x»sitive  zinc 
atoms,  the  hydrogen  seizes  upon  the  neighboring  chlorine  atoms 
in  the  adjoining  molecules,  and  thus  a  stream  of  hydrogen  atoms 
sets  toward  the  platinum  plate  and  arc  Anally  liberated  at  its 
surface.  At  this  |>oint  two  atoms  combine  to  form  a  molecule  of 
hydrogen  ;  but  in  order  to  do  so,  one  of  the  atoms  must  discharge 
a  part  of  its  jxjsitive  charge  of  electricity  upon  the  platinum 
plate,  thus  charging  it  with  |X)silive  electricity. 

Hy  the  above  j>rocess,  the  zinc  plate  is  rendered  negative,  or  its 
electric  tension  is  lowered  below  the  normal  by  the  withdrawal 
of  positive  electricity,  while  the  platinum  ptate  isactually  charged 
alxive  the  normal,  and  is  in  a  |X)sitive  electrical  condition.  It  is 
this  difference  of  electrical  state  which  causes  a  neutralization 
through  the  wires  as  long  as  the  exciting  fluid  and  the  zinc  plitc 
la-it.  or  as  long  as  the  chemical  action  continues.  If  the  wires 
arc  disconnected,  the  platinum  plate  soon  becomes  charged  to  a 
tension  equal  to  that  of  the  hydrogen  atoms,  and  the  ^inc  plate 
lowers  its  tension  until  the  chlorine  atoms  will  no  longer  leave  the 
hydrogen  to  combine  with  it.  The  action  then  ceases  until  the 
connection  is  again  made.  The  discharge  is  then  continuous 
from  the  platinum  to  the  zinc  plate,  and  it  can  also  be  shown 
that  a  current  passes  through  the  liquid.  Such  is  the  best  con- 
ception wc  possess  of  the  simple  galvanic  cell  which  we  have 
considered . 

The  Current  or  Circuit. — The  circuit  is  said  to  be 
closed  when  the  wires  arc  connected,  and  there  is  a  constant 
flow  or  transfer  of  force  through  the  wires  and  through  the  liquid. 
It  IS  said  to  be  open  or  broken  when  the  wires  are  separated  so 
that  the  transfer  of  force  ceases. 

If  the  wires  from  a  galvanic  cell,  or  a  collection  of  cells,  be 
connecte<l  with  the  earth  instead  of  with  each  other,  the  current 
flows  as  if  the  latter  were  really  done;  and  it  makes  no  diffcrtMice 
how  far  aj»art  the  wires  connect  with  the  earth.  This  is  called 
grounding  the  twttery.  No  current  actually  fiows  from  one 
point  to  the  other  in  the  ground,  but  by  bringing  the  plates  in 
contact  with  the  earth  their  electrical  equilibrium  is  restored. 
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This  principle  is  made  use  of  in  telegraphy  to  avoid  the  necessi 
of  a  return  wire.  One  of  the  wires  of  a  battery  situated  at  one  ol 
the  stationb  is  grounded,  while  the  other  i>asse.s  to  and  through 
the  other  station  and  is  then  grounded  at  that  jxiint ;  the  current 
must  pass  between  and  through  both  stations  lo  complete  tl)e 
circuit,  or  restore  the  equdibrium. 

Electrical  Tension  or  Electro-motive  Force. — When 
we  sj/eak  of  the  normal  electrical  condition,  we  have  reference  to 
the  electrical  slate  of  the  earth  or  bodies  in  contact  with  it. 
'J'he  earth  is  the  great  storehouse  of  electricity,  as  the  ocean  is  of 
water.  If  water  be  taken  up  from  the  o<:ean,and  dei>ositcd  uix)n 
the  mountain  side,  it  will  run  back  to  the  sea  in  a  stream,  and 
can  be  made  to  do  work,  while  reaching  its  fonner  level,  by  turn- 
ing a  water-wheel.  The  water,  in  other  words,  has  acquired  power 
to  do  work.  In'  its  change  of  position,  which  in  mechanics  is 
called  potential.  In  the  galvanic  cell,  the  tijuilibrium  of 
electricity  is  disturbed,  and  it  actjuires  power  to  do  work  in 
returning  to  its  former  state  of  electrical  eijuilibrium.  This 
property  in  elcciriciiy  is  called  tension,  potential,  or  electro- 
motive force  tE.  M.  F.).  The  strength  of  the  E.  M.  F.  will, 
of  course,  depend  u|>on  the  difference  in  the  electrical  condition 
of  the  two  plates.  It  is  our  jiurpose  lo  consider  here  only  such 
practical  jx)ints  aswedtem  essential  to  the  physician's  knowledge 
in  the  use  uf  ;;alvanic  batteries. 

Electrical  Units. —  Theieare  in  common  use  among  elec- 
tricians certain  units  of  measure  applied  to  currents,  which  it  is 
convenient  for  the  studefU  to  understand.  The  unit  of  electro- 
motive force  is  called  a  volt.  It  is  the  power  of  the  current 
to  overcome  resistance,  and  it  is  very  nearly  that  of  the  Daniel 
or  Callaud  gravity  cell.  The  E.  M.  F.  or  the  voltage  of  these 
cells  is  about  1.079  volts  \icr  cell. 

The  unit  of  resistance  which  a  current  encounters  in  its  pass- 
age, and  which  must  be  overcome  before  an  electrical  circuit  can 
be  completed,  is  called  the  ohm. 

Just  as  there  must  be  sufficient  pressure  of  water  to  overcome 
the  obstacles  offered  by  friction  and  short  curves  in  the  |)ii>cs, 
before  water  will  be  delivered,  so  must  there  be  sufficient  voltage 
to  overcome  the  high  resistance  offered  hy  poor  conductors,  like 
ihe  human  body,  before  there  will  be  a  passage  of  current. 
The  actual  current,  then,  that  produces  effects,  or  does  work,  is 
jjroduced  by  the  excess  of  electric  force  over  that  which  is  re- 
quired to  overcome  the  resistance  in  the  conductor.  In  practice, 
it  is  found  necKsary  lo  employ  from  30  to  40  cells  of  battery, 


i 


i 


MACNETJS&I. 


67 


according  to  the  type,  in  order  to  secure  electro-motive  force 
sufficient  to  overcome  the  resistance  of  the  body,  and  have  a 
working  excess  of  current. 

The  unit  of  measurement  of  the  passing  current  is  called  the 
ampere.  An  ampere  is  the  strength  of  current  furnished  by  an 
electro-motive  force  of  one  volt,  passing  for  any  given  time, 
through  a  circuit  whose  total  resiittance  is  one  ohm.  It  is  the 
amount  of  work  the  current  is  able  to  do  in  a  measured  lime. 

fiut  inasmuch  as  the  tissues  of  the  body  could  not  endure  a 
current  of  one  amj.>ere,  the  ampt^re  is  divided,  for  medif:al  pur- 
j>oses,  into  one  thousand  parts,  each  of  which  is  designated  a 
milli-ampere.  The  unit  of  strength  of  current,  then,  in 
medical  batteries,  is  the  milli-ami»ere  and  represents  not  the 
actual  quantity  or  dose,  but  is  analogous  to  the  strength  of  a 
solution  which  we  might  use  externally  and  refer  to  as  a  5  per 
cent-  solution.  As  we  speak  of  a  pumping  engine  delivering  a 
i-inch  or  a  2-inch  stream  from  a  nozzle,  the  pressure  remaining 
the  same,  so  we  s[)eak  of  the  current  passing  through  a  conductor 
as  a  onc-milli-amperc  or  two-miIli-ami)ere  current. 

Whenever  it  becomes  necessary  to  measure  the  exact  quantity 
or  dose  administered,  we  make  use  of  another  electrical  unit 
call,.-d  the  coulomb,  by  which  we  mean  the  unit  of  quantity. 
The  coulomb  is  such  a  quantity  of  electricity  as  would  flow 
in  one  second  through  a  circuit  whose  resistance  is  one  ohm, 
under  an  electro-motive  force  of  one  volt,  or,  it  is  one  ampere- 
second.  The  number  of  coulombs  of  quantity  is  determined 
by  means  of  an  instrument  called  the  coulouib-meier,  in  which 
the  current  is  made  to  deconqjose  water  into  oxygen  and 
hydrogen ;  the  amount  of  this  decomposition  being  propor- 
lior)al  to  the  amount  of  current  used.  There  is  siill  another 
unit  by  means  of  which  the  total  electrical  energy  is  measured, 
and  which  is  designated  the  Watt.  This  represents  the 
energy  of  a  current  flowing  under  a  difference  of  potential 
of  one  volt,  and  a  strength  of  one  amptirc,  and  is  sometimes 
called  the  electrical  horse  power.  It  is  expressible  in 
xnechanical  units;  746  VVatts  being  ctpial  to  one  horsepower,  or 
one  Walt  =Th  horse  power.  To  estimate  the  electrical  energy 
of  any  current,  the  E.  M.  F.  in  vo\u  is  multiplied  by  the  number 
[ACamp^res  of  current  strength. 
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Legal  Units.— The  following  units  were  adopted  or  con- 
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firmed  by  the  International  Electrical  Congress  at  Chicago  ii 
1893,  ^^^  Icgali/cd  by  the  United  States  Congress  in  1894. 

The  international  ohm  is  to  be  the  resistance  offered  by 
a  column  of  mercury,  at  o^  C,  weighing  14.4521  grms.  and 
having  a  length  of  106.3  centimeters,  and  having  a  uniform  crosB^ 
section  througliout  the  length  of  the  column. 

The  international  ampfere  is  to  be  such  a  current  as  will 
deposit  from  a  neutral  solution  of  silver  nitrate,  0.001118  grms. 
of  silver  per  second,  or  4.025  grms.  ])er  hour.  The  amperage 
of  a  current  may  be  determined  by  depositing  silver,  and  weigh- 
ing the  amount  depi^iied  in  a  given  time. 

The  international  volt  is  the  electro-motive  force  that, 
steadily  applied  to  a  conductor  whose  resistance  is  one  interna- 
tional ohm,  will  produce  a  current  of  one  international  amji^re. 
It  is  represented  by  HSS  of  the  electro-mo  ive  force  of  a  stand- 
ard Clark's  cell,  at  a  tcni]>erature  of  15*^  C. 

The  international  coulomb  is  a  quantity  of  electricity 
transferred  by  a  current  of  one  international  ampere  in  one 
second. 

The  international  farad  is  the  unit  of  capacity.  It  is  the 
capacity  of  a  condenser  charged  to  a  potential  of  one  volt  by 
one  coulomb  of  electricity. 

The  unit  of  work  is  the  joule,  which  is  equal  to  ten  million 
units  of  work  in  the  centimetcr-gramme-second  system,  and 
which  is  practically  equivalent  to  the  energy  expended  in  one 
second  by  an  international  auqu^re  in  an  international  ohm. 

The  unit  of  power  is  the  watt,  which  is  etpial  to  ten  million 
units  of  power  in  the  cenliractcr-gramme-second  system,  and 
which  is  practically  equivalent  to  the  work  done  at  the  rate  of 
one  joule  per  second. 

The  unit  of  induction  is  the  henry,  which  is  the  induction  in 
a  circuit  when  the  elcciro-niolivL-  foice  induced  in  this  circuit  is 
one  intern.itional  volt,  while  the  inducing  current  varies  at  the 
rate  of  one  jimpere  i>er  se<  ond. 

The  Milliampere-meter. — This  is  an  apjxirattis  Introduced 
into  the  circuit,  in  order  that  the  current  strengdi  the  patient  is 
receiving  at  any  given  time  may  be  accurately  measured.  Its 
action  depends  upon  the  fact  discovered  by  Oersted,  in  1841, 
that,  if  a  magnetic  needle  be  mounted  near  a  wire,  in  which  a 
current  is  passing,  it  will  be  deflected.  He  found  that  if  a  cur- 
rent be  sent  along  a  cor»duc(or  brought  near  10  and  (>arallel  with 
a  needle  (see  Fig.  27),  it  would  cause  a  deflection  of  the  needle 
in  the  direction  shown  bv  the  curved  arrows.     He  found  further. 


4 
* 


< 


MAGNETISM. 


59 


that  llic  amount  of  this  deflection  will  depend  ni»on  the  strength 
of  the  current  in  the  wire,  and  upon  the  proximity  of  this  to  the 
needle.  If  the  conductor  be  relumed  upon  the  under  side  of 
the  needle,  so  that  the  current  shall  tlow  in  the  opposite  direc- 
tion, the  needle  will  be  still  more  deflected,  and  in  the  same 
direction.  By  using  a  number  of  turns  of  insulated  wire,  i.  ^., 
forming  a  coil,  as  shown  in  Fig.  26,  a  mulliplication  of  the 
deflecting  power  will  be  obtained.  The  plane  of  the  coil  must 
coincide  with  the  plane  of  the  earth's  magnetic  meridian.  If 
this  needle  be  suspended  or  mounted  over  a  dial  having  a  scale 
of  degrees  marked  upon  it,  the  numl>er  of  degrees  through 
which  the  needle  swings  under  the  influence  of  a  certain  current 
passing  through  the  coil,  will  indicate  the  strength  of  the  current. 
In  other  words,  such  an  instnimcni  would  be  a  galvanometer 
or  electro-meter. 

If  the  scale  is  so  divided  as  to  read  the  current  strength  in 
amperes  or  milliamf>eres,  the  instrument  would  be  known  as  an 
ampere-meter  or  milli-ampere-meter. 


Fic.96. 


Fig.  »7. 


In  the  a^»ove  described  milli-amp^re-mcter,  the  instrument 
mtisl  be  first  adjusted  with  the  magnet  exactly  in  the  magnetic 
meridian.  The  instniment  must  be  carefully  leveled  before  the 
reading  is  taken.  The  needle  will  then  point  to  zero  on  the 
icale. 

To  avoid  this  adjustment,  mill i -ampere-meters  are  now  often 
constructed  with  the  needle  mounted  in  the  fitld  of  a  permanent 
magnet,  which  serves  to  bring  the  magnet  always  to  zero  when 
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no  current  is  passing  through  the  coils,  regardless  of  the  position 
of  ihe  instruraent.  MiUi-ampere-meters  are  sometimes  employed, 
iti  which  the  clastic  force  of  a  coiled  spring  is  applied  to  bring 
the  needle  quickly  to  rest »  or  cause  it  lo  "dead-beat"  without 
any  delay  from  oscillations.  The  strength  of  current  to  Ijc  ap- 
plied to  the  human  body  varies  greatly,  according  to  the  eficct  to 
be  produced,  from  lo  to  300  inilli-amp^res. 

Forms  of  Cells. — We  have  thus  far  discussed  only  one  form 
of  cell.  Tht  term  battery,  strictly  speaking,  is  applied  to  a 
collection  of  cells  ;  but  it  is  frequently  ai)plied  to  a  certain  form 
of  cell.     Various  kinds  of  cells  are  in  common  use. 

One  difficulty  in  the  working  of  the  simple  cell  we  have 
already  described,  is  that  the  hydrogen  accumulates  on  the  plati- 
num plate  and  prevents  contact  with  the  liquid,  and  thus  ob- 
structs the  current.  In  order  to  obviate  this,  various  means  have 
been  used  to  prevent  this  gas  from  reaching  the  platinum. 

In  Grove's  cell  (I'ig.  38)>  the  platinum  plate  is  suspended  in 

a  ]X5rous  earthenware  cup 
filled  with  strong  nitric 
acid,  and  placed  in  the 
center  of  the  larger  cup, 
containing  dilute  sul- 
phuric acid  (i  to  13). 
The  nitric  acid  oxidizes 
the  hydrogen,  converting 
it  into  water  before  it 
reaches  the  platinum. 

Bunsen's  cell  is  con- 
stnicted  in  the  same  way 
as  the  above,  except  that 
the  platinum  is  replaced 
with  the  cheaper  gas  retort 
cartion. 
In  the  working  of  the  above  cells   the  nitrous  fumes  evolved 
arc  very  objectionable,  and  10  avoid  this,  a  solution  of  chromic 
acid  in  sulphuric  acid,  made  by  adding  to  18  i)arts  of  water  4 
parts  of  potassium  bichromate  and  4  of  sulphuric  acid,  may  be 
used.     The  chromic  acid  serves  to  destroy  the  hydrogen  in   the 
same  way  as  the  nilric  acid,  and  no  porous  rup  is  needed.     The 
elements  used  are  zinc  and  carbon.     This  cell  gives  a  strong  cur- 
rent for  a  short  time,  and  is  one  of  the  best- in  use.  for  medical 
puq>oses.     The  zinc  ])lates  are  always  removed  from   the  liquid 
when  the  battery  is  not  in  use.     In  some  medical  batteries  a  solu- 
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acid  sulphate  of  mercury  in  water  is  used  as  the  exciting 
instead  of  the  al>ove.  hi  this  rase  the  plates  are  small, 
and  made  of  zinc  and  carbon.  The  zinr  comi)ines  with  the  sul- 
phuric arid,  and  mercury  instead  of  hydrogen  is  set  free.  Another 
form  of  battery  is  one  in  which  the  exciting  tluid  is  dihited  sul- 
phuric acid*  and  the  elements  zinc  and  silver;  the  latter  being 
inclosed  in  a  layer  of  chloride  of  silver,  which  is  intended  to  pre- 
vent the  hydrogen  from  accumulating  on  the  silver  plate,  by  com- 
bining it  with  chlorine.  2AgCI  -{  H,  =  Ag,  -(  2HCI.  These 
cells  arc  usually  made  in  the  form  of  long  narrow  cylinders,  so  as 
to  occupy  a  small  space,  and  are  very  constant  and  effective. 

In  the  Leclanche  cell  (Fig.  39),  as  usually  constructed,  the 
elements  are  a  plate  of  carbon  and  a  rod  of  zinc.  The  carbon 
plate  is  surrounded  by  a  layer  of  i)eroxide  of  manganese,  or  ferric 
oxide,  to  serve  as  a  deix^iarizing  agent.     Ihe  exciting  Iluid  is  a 

f  IG.  30. 


»1ution  of  ammonium  chloride  in  water  This  battery  is 
in  very  common  use  where  an  of»en  circuit  is  to  be  used,  is  very 
constant^  requires  attention  onlv  at  long  intervals,  and  is  inex- 
pensive. Various  modifications  of  this  cell  have  been  proposed,! 
and  of  these  the  Law  cell  has  the  advantage  of  being  more 
durftble. 

The  Callaud  cell  (Fig.  30)  is  constructed  as  follows.  The 
elemeutN  are  zinc  and  rop|ier.  The  former  is  suspended  in  the 
iipftcr  portion  of  a  solution  of  copper  sulphate  contained  in  a 
glass  jar,      ITic  copper  plate  lies  at  the  bottom  of  the  jar,  and  the 
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wire  attached  to  it  is  covered  with  jpatta  percha  for  the  purj 
of  iiisiilating  it.      From  time  to  lime  copper  sulphate  crystals  are 
dropped  into  the  jar,  to  keep  up  the  supply. 

This  battery  is  useful  where  a  closed  circuit  is  to  be  usedi  and 
the  battery  is  to  be  in  con'^tant  use.  It  is  very  constant  when 
kept  in  good  order,  but  has  a  low  electro-motive  force,  and  is 
seldom  nst^d  in  the  construction  of  medical  batteries. 

Care  of  Batteries. — In  order  that  a  battery  may  per- 
form its  work,  it  will  need  some  care  in  its  managemeul.  All 
metallic  connections,  as  well  as  the  wires  through  which  the 
current  is  to  p;iss,  must  be  of  good  conducting  material.  Cop|>er 
or  silver  wire  is  usually  employed  for  conductors,  and  where  two 
wires  are  meant  to  connect,  their  surfaces  must  be  bright  and  free 
from  oxides,  which  are  poor  conductors.  As  far  aj^  possible,  a 
uniform  strength  of  exciting  fluid  should  bo  maintained.  In 
most  batteries  this  will  require  entire  renewal,  from  time  to  time, 
in  order  to  supply  new  material  for  chemical  action,  and  to 
remove  the  products  of  former  action. 

Local  Currents. — Owing  to  the  imi>erfections  in  the 
zinc  used  in  the  construction  of  batteries,  it  is  unequally  acted 
u[>on  by  the  liquid.  The  points  where  the  zinc  is  harder,  or 
contains  iron,  lead,  or  arsenic,  act  as  negative  plates  to  the  rest 
of  the  zinc,  and  thus  currents  are  set  up  between  them  which  eat 
away  the  zinc,  and  cause  a  serious  loss  of  material,  as  well  as  of 
force.  When  the  battery  is  not  in  use,  bubbles  of  hydrogen  gas 
will  be  seen  to  escai>e  from  the  zinc  plate,  which  slowly  dissolves. 
When  in  use,  this  hydrogen  prevents  contact  between  the  plate 
and  the  liquid,  thus  greatly  weakening  the  action  upon  the  plate 
and  increasing  the  resistance  to  the  passage  of  the  current  from 
the  liquid  to  the  metal.  "Amalgamation'*  of  the  zinc  prcvenis 
this  action  by  forming  over  the  surface  of  the  plate  a  homogene- 
ous layer  of  zinc  amalgam. 

To  amalgamate  the  zincs,  first  wash  them  in  dilute  sulphuric 
acid  (i  to  6),  and  then,  while  still  wet,  pour  mercury  upon  them 
and  rub  in  the  drops  until  the  whole  surface  is  uniformly  bright 
and  smooth.  Or,  they  may  be  dipped  in  a  saturated  solution  of 
bichloride  of  mi-rcury  (corrosive  sublimate)  containing  a  few 
dro[>s  of  hydrochloric  acid.  It  is  well  to  keep  a  little  mercury 
in  the  bottom  of  ea(  h  cell,  which  keeps  the  plates  amalgamated. 
A  hissing  sound,  or  the  evolution  of  hydrogen  from  the  surface 
of  the  zinc,  is  a  sure  sign  that  the  zincs  need  re-amalgamating. 

Polarity  of  the  Elements  of  Batteries. — \  serious 
hinilrance  to  the  working  o{    batteries   is   what    is    called    the 


MAGNETISM. 


Fig.  3(> 


polarization  of  the  plates.     We  have  already  referred,  when 

speaking  of  the  construction  of  cells,  to  ihe  accumulation  of 
hydrogen  on  the  carbon  or  platinum  plate.  When  the  current 
i?  of  considerable  strength,  oxygen  accumulates  on  the  zinc 
'plate  and  hydrogen  on  the  op[KJsite  one.  We  then  have  a  layer 
or  plate  of  hydrogen  against  the  carbon,  and  a  layer  or  plale  of 
oxygen  against  the  zinc.  The  former  of  these  is  positive  andj 
the  latter  negative ;  and  they  are  joined  together  by  the  samej 
wires  as  the  primar>'  plates,  as  will  be 
seen  by  a  glance  at  Fig.  31.  Not  only  is 
the  liquid  kept  from  perfect  contact  with 
(he  plates,  but,  owing  to  the  action  of 
the  liquid  upon  these  new  gaseous  plates, 
a  current  is  deveIo[jed  in  the  opposite 
direction  to  that  of  the  primary  current, 
which  may  l>ecome  so  strong  that  it  al 
most  entirely  overcomes  the  original  cur- 
rent and  destroys  the  eiliciency  of  the 
battery. 

Some  method  must  be  adopted,  there- 
fore, to  prevent  the  hydrogen  from  accu- 
mulating upon  the  carbon  or  platinum 
plate.  Nitric  or  chromic  acids,  oxides  of 
manganese,  copper  or  iron,  silver  chlo- 
ride and  copper  sulphate  are  all  used  for  this  purpose. 

Secondary  or  Storage  Batteries. — The  |X)lanty  of  the 
plates  of  a  battery  cell  is  utilized  in  the  secondary  or  storage 
batteries.  The  cell  contains  two  or  more  plates  of  large  size, 
constructed  of  sheet  lead,  or  one  is  made  of  sheet  lead  to  be  con- 
nected with  the  negative  pole,  and  the  other  of  peroxide  of  lead 
to  be  charged  from  the  positive  pole  of  the  charging  battery  or 
current.  The  E.  M.  F.  of  such  cells  is  al>out  2  volts  during  dis- 
chATge.  The  cell  is  filled  with  dilute  sulphuric  acid.  The  plates 
arc  polarized  by  passing  a  current  through  the  battery.  The 
hydrogen  accumulates  in  or  upon  one  plate,  and  the  oxygen  in 
the  other.  On  now  disconnecting  the  charging  battery,  it  is 
found  that  a  current  may  be  obtained  from  the  polarized  cell  for 
some  time,  but  in  the  direction  op|x>sed  to  that  of  the  charging 
current.  When  the  plates  of  this  battery  are  once  charged,  they 
will  remain  charged  for  some  weeks,  and  the  current  may  be 
obtained  at  any  time,  by  connecting  the  wires  from  the  opposite 
plates. 

Resistance     of    Conductors. — Conductors     are     bodies 
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which  allow  a  ready  transmission  of  the  electrical  impulse  through 
them,  and  arc  contrasted  wilh  another  class  of  bodies  called 
non-conductors  or  insulators.  These  terms,  however,  are  only 
relative. 

Some  bodies  conduct  electricity  with  great  ease,  while  otliers 
offer  more  resistance  to  the  passage  of  llie  current,  or  entirely 
refuse  to  allow  an  appreciable  amount  to  pass.  F^vrn  the  best 
conductors  offer  some  resistance  to  the  jKissagc  of  the  current. 
The  metals  are  the  best  conductors,  and  of  these  silver  is  the  best 
conductor  known.  Copper  is  second  only  to  silver,  and  when 
both  metals  are  pure  the  difference  is  but  slight. 

If  we  comjmrc  wires  of  the  same  material,  but  of  different 
si  it  es  and  lengths,  we  find  that  the  resistance  of  wires  in- 
creases with  the  length,  and  diminishes  as  the  area  of 
the  cross  section  increases.  When  a  cell  is  in  action,  the 
current  not  only  nieels  with  resistance  in  the  wires,  but  also  in 
the  liquid  of  ihc  cell  through  which  it  hrts  to  pass.  This  last 
resistance  is  usually  much  greater  than  thai  of  the  wires,  and 
is  an  important  clement  in  determining  the  strength  of  the 
current. 

Ohm's  Law. — This  law  states  that  the  strength  of  a  current 
developed  by  a  battery  will  be  equal  to  the  electro-motive 
force  divided  by  the  resistance.  Hy  electro-motive  force  we 
mean  the  force  with  which  the  electric  current  is  set  in  motion, 
or  the  difference  in  potential  of  the  two  plates  of  the  cell  used. 

This  law  may  be  stated  algebraically  as  follows :  C^^j^  .  ^,  where 
R  represents  the  internal  resistance  of  the  liquid,  r  the  external 
resistance,  or  that  offered  hy  the  wire,  and  K  the  electromotive 
force,  which  is  always  the  same  when  the  same  metals  and 
exciting  liquid  are  used.  In  any  given  form  of  battery,  varia- 
tions in  the  strength  of  the  current  must  he  due  to  variations  in 
resistance,  either  in  the  external  or  internaJ  j>art  of  the  circuit, 
or  to  a  change  in  the  strength  of  the  exciting  liipiid,  polarity  of 
the  plates,  or  secondary  currents.  We  have  already  six)ken  of 
the  resistance  offered  to  the  current  by  the  polarity  current, 
flowing  in  the  opposite  direction,  and  which  sometimes  becomes 
almost  as  great  as  the  electro-motive  force  can  overcome.  It  is 
clear  that  in  order  to  increase  the  value  of  C,  in  the  above 
formula,  we  must  increase  E  or  diminish  R  and  r.  To  increase 
the  electro-motive  force  we  select  such  metaLs  and  liquids  as  shall 
give  us  a  relatively  high  intensity  of  current.  Wc  may  increase 
the  intensity  of  the  E.  M.  F.  by  joining'several  cells,  so  that  the 
force  of  the  one  may  be  reinforced  by  the  next,  and  so  on. 
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This  is  done  by  connecting  the  zinc  of  the  first  to  the  carbon  of 
the  second,  the  zinc  of  the  second  to  the  carbon  of  the  third, 
etc.  Each  cell  added  to  the  scries  adds  to  the  current  its 
E.  M.  F.  diminished  by  its  internal  resistance;  the  external  resist- 
ance being  too  small  to  be  regarded.  The  formula  applied 
to  the  series  would  be,  when  n  equals  the  number  ol  celLi: 
C=-_— .  Now  when  the  external  resistance  in  the  wire,  r,  is 
very  small  in  com|>arison  with  R,  as  when  flowing  through  an 
ordtnarycopperwire.it  may  be  disregarded  :  and  the  c(iiiaiion 
then  becomes  C  ^-^  ~.  That  is,  the  effect  of  a  battery  of  several 
elements,  in  such  a  case^  is  no  greater  than  that  of  a  single  cell  If, 
however,  the  external  resistance,  r,  is  great,  as  when  the  elec- 
trodes are  applied  to  a  human  body,  which  has  a  resistance  many 
limes  greater  than  the  usual  value  of  R,  the  value  of  C  increases 
or  diminishes  very  nearly  in  the  same  ratio  as  the  number  of 
cells.  For  medical  pur|>oses,  therefore,  we  usually  combine  the 
cells  as  above  described.  Elements  or  cells  so  arranged,  are  said 
to  be  arranged  in  series,  or  arranged  for  intensity. 

Wc  may  also  increase  the  value  of  C,  in  the  above  formula, 
by  increasing  the  size  of  the  plates,  provided  the  external  resist- 
ancre  is  sniull.  By  so  doing  we  do  not  increase  the  electro- 
motive force  of  the  current  in  the  wire,  but  we  reduce  the  resist- 
ance in  the  cell,  by  virtually  combining  several  plates  into  one, 
and  increasing  the  stirface  exjwsed  to  the  liquid,  without  inr.reas- 
ing  the  distance  throtigji  which  the  current  has  to  pass  in  the 
liquid.  Whether  the  plates  in  this  case  are  all  in  one  or  differeiTt 
cups,  the  current  only  has  to  traverse  the  fluid  from  one  plate  to 
another.  The  internal  resistance  in  this  arrangement  is  small. 
Where  a  small  resistance  is  to  be  overcome,  therefore,  large 
ptates  are  to  be  preferred ;  or,  which  is  the  same  thing,  all  the 
zinc  plates  of  the  battery  may  be  connected,  and  all  the  carbon 
platc!^  When  the  cells  are  arranged  in  this  manner,  they  are 
said  to  be  arranged  in  multiple  arc,  or  for  quantity.  The 
poles  or  electrodes  of  a  battery  of  cells  arc  the  conducting 
wires  ;  ilwt  atiatht'd  to  the  zinc  plate  is  the  cathode  or  nega- 
tive electrode,  and  that  attached  to  the  platinum,  carbon,  or 
cop|>er  plate  is  the  anode  or  positive  electrode. 

In  electro- therapy  the  term  electrode  is  often  used  to  desig- 
nate the  appliance  fastened  to  the  end  of  the  wires  for  application 
to  the  |utieiit.  while  the  wires  are  called  rheophores. 

Induced  Currents.— If  a  current  of  (leciricity,  from  a 
htttiery,  he  passed  through  one  of  two  parallel  wires  B  A  (Fig. 
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32),  lying  near  together,  no  current  is  observed  in  C  D  as  long 
as  the  current  in  B  A  is  constant;  but  if  this  be  abruptly  sto[)ped, 
an  instantaneous  current  is  develo(x;d  in  C  D,  which  we  can 
demonstrate  by  connecting  this  wire  with  a  galvanometer  (G). 
When  we  make  the  current  pass  from  B  to  A,  the  current  in  the 
wire  C  D  takes  the  direction  from  C  to  I);  but  on  breaking  the 
primary  current,  the  induced  current  takes  the  direction  D  to  C. 
If,  therefore,  we  rapidly  make  and  break  the  primary  or  battery 
current  by  means  of  the  key,  K,  wc  shall  have  a  rapid  to 
and  fro  current,  in  the  secondary  wire  C  O.  Now,  if  these 
wires  be  covered  with  silk  or  insulated,  and  are  wound  together 
around  a  spool  or  bobbin,  the  conditions  of  the  ex[>eriment 
will  remain  unchanged,  and  we  shall  have  the  same  phenomena 
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in  the  coiled  wires  as  in  the  straight.  Such  a  coil  is  known  as  an 
induction  or  RhumkorfT  coil.  The  strength  of  the  current  in  the 
secondary  wire,  or  the  induced  current,  will  vary  directly  as  the 
length  of  the  wire  acted  uix)n,  the  strength  of  the  battery  or 
primary  current,  and  inversely  as  the  distance  the  wires  axe  from 
each  other. 

The  Induction  Coil. — It  is  customary,  in  constructing  an 
induction  coil,  ti)  make  the  priiuary  coil  of  large,  thick  wire,  so 
as  to  allow  the  battery  current  to  pass  with  as  little  resistance  as 
possible,  and  to  make  the  secondary  coil  of  a  much  longer  and 
thinner  wire.  The  former  is  made  into  a  smaller  coil,  which 
bli|K  into  the  latter,  but  the  two  are  separate  and  distinct.  Into 
the  inner  coil  is  pushed  a  bundle  of  soft  iron  wires  which  act  as 
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magnets  when  the  battery  current  is  sent  through  the  coil.  A. 
small  armature  or  piece  of  soft  iron  fastened  to  a  spring,  vibrates 
before  the  end  of  the  bundle  of  wire*.  When  no  current  is  pass- 
ing the  spring  rests  against  the  point  of  the  screw  Sc,  Fig.  33. 
When  a  current  is  sent  through  the  inner  coil  from  B  to  A,  an 
induced  current  is  produced  in  the  outer  coil,  from  S  to  S',  or 
from  C  to  D.  At  the  same  instant  the  current  B  A  magnetites 
the  core  of  wires  O,  and  the  hammer  H  is  drawn  toward  it  and 
[  away  from  the  point  of  the  screw.  ThLs  l)rcaks  the  current 
I  at  that  point,  the  core  de-magnetizes,  the  spring  brings  the 
I  hammer  back  to  the  screw,  and  the  process  is  rc|>cated  as  long 
I  as  the  current  from  the  battery  E  lasts.  The  induced  cur- 
I       rent  in  S  S'  is,   therefore,  a  to  and  fro  current,  or  a  make 


Tm.  3j. 


induced  in  one  direction,  and  a  break  induced  in  the  opposite 
direction. 

This  current  is  known  as  the  Secondary,  Induced,  Inter- 
rupted or  Faradic  Current.  I'he  two  wires  from  the  battery 
ceil  t  Kig.  34),  arc  connected  with  the  primary  coil,  by  tlie  bind- 
ing posts,  and  carry  the  battery  current.  The  other  wires  shown 
ire  the  terminal  wires  of  the  outer  or  secondary  coil,  and  carry 
the  induced  current. 

Extra  Current. — It  is  very  evident  that  each  turn  of  wire 
in  the  primary  coil  lies  very  close  to  and  |»arallel  with  the  ad- 
joining turns  of  the  same  wire,  and  that  thc^e  consecutive 
turns  uaay  be  considered  as  constituting  a  series  of  jarallcl 
virei.  In  fact,  every  variation  of  the  current  in  the  wire  A  B, 
Fig.  j,v  generates  electro  motive  force  in  the  contiguous  turns. 
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An  injured  current  is  thus  produced  in  the  wire  A  B.  which 
obeys  the  same  laws  as  that  induced  in  the  indcix:ndent  wire, 
C  D.  and  in  the  direction  opposed  to  the  battery  current,  when 
the  latter  is  made  or  increased,  and  in  the  same  direction  when 
it  is  broken.  I'his  current  is  known  as  the  primary  induced 
or  extra  current.  Oiiring  the  making  or  increasing  of  the 
battery  current,  this  extra  current,  acting  ayarnst  the  battery 
current,  retards  or  resists  it,  and  hence  is  not  felt  at  ihe  ]>olc3  P 
and  P'.  At  the  break  this  current  goes  in  the  opposite  direc- 
tion, and,  as  li.eic  is  nothing  to  resist  it,  may  be  felt  with  its 
full  force  at  P  and  P'.     This  current  is  therefore  interrupted. 
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and  is  felt  only  at  the  break  of  the  battery  current,  and  always 
in  the  direction  of  this  current.  The  primary  induced,  or  extra 
current,  is  feebler  than  the  secondary,  because  the  length  of  wire 
acted  upon  is  shorter.  As  we  have  just  seen,  the  make  extra  cur- 
rent retards  the  battery  current,  so  that  it  takes  an  appreciable 
time  for  this  current  to  attain  its  maximum  force;  and  the  make 
induced  current  is  weakened  in  proportion  to  the  longer  lime 
required.  The  secondary  current  developed  at  the  time  of  mak- 
ing the  battery  current  is  therefore  weak,  and  its  physiological 
and  chemical  effects  almost  inappreciable.  The  break,  second- 
ary, as  well  as  primary,  is  developed  with  its  full  clertro-motive 
force  instantaneously ;  hence,  it  alone  has  an  appreciable  effect 
when  a  resistance  such  as  the  human  body  is  put  into  the  circuit. 
Influence  of  the  Core. — As  we  have  stated  above,  when 
a  galvanic  current  is  sent  through  a  coil  of  wire  wound  about 
a  bar  of  soft  iron,  the  bar  becomes  a  magnet  as  long   as  the 
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cnrmil  pa<ises,  and  loses  its  magnelisin  as  soon  as  the  current  in 
the  wire  is  broken.  Tlie  effect  of  the  bundle  of  soft  iron  wires 
is  the  same  as  that  of  a  single  bar.  Moreover,  when  a  magnet  is 
suddenly  made  or  destroyed,  it  causes  a  current  to  flow  through 
the  wire  wound  al^ut  it.  The  effect  of  the  magnetic  core  is, 
then,  only  to  retard  the  battery  current  when  it  is  first  passed 
through  the  coil,  and  to  still  further  weaken  the  induced  currents 
deveio()ed  by  it.  Its  sudden  de-magnetization  reinforces  the 
break  currents  and  makes  them  stronger.  The  currents  are 
further  modified  by  means  of  a  draw  tube  made  to  inclose  more 
or  less  of  the  primary  coil.  When  this  is  completely  vvithdrawn 
the  current  is  strongest  ;  and  when  the  inner  coil  is  completely 
enclosed  by  it,  the  currents  are  considerably  weakened.  Occa- 
sionally the  secondary  coil  is  niade  to  include  any  desired  length 
of  the  primary,  and  thus  the  current  may  be  varied  at  will. 
Fig.  34  shows  an  induction  coil  with  Grenet  cell  ready  for  use. 

Magneto-Electricity,  —  Besides  chemical  action*  other 
methods  of  producing  electricity  may  be  employed.  We  have 
already  referred,  in  the  last  section,  to  the  effect  of  suddenly- 
making  and  destroying  a  magnet  within  a  coil  of  wire.  The  same 
effect  is  produced  when  the  magnet  Is  made  to  approach  or  recede 
from  the  coil  of  wire,  or  when  the  magnet  is  increased  and 
decreased  in  strength.  The  simplest  magneto-electric  apparatus 
is  composed  of  a  strong  horseshoe  magnet,  before  the  poles  of 
which  two  short,  soft  iron  bars,  called  armatures,  mounted  on  a 
shaft  and  wound  with  coils  of  wire,  are  made  to  revolve  by  a 
crank.  As  the  soft  iron  a[)proaches  the  poles  it  becomes  a 
magnet  and  induces  a  current  in  the  wire.  As  it  recedes  from 
the  |)olcs  the  current  in  the  wire  is  reversetl,  but  by  a  pole 
changer  it  is  made  to  pasi  from  the  instrument  in  the  same  direc- 
Hoa.*  Uy  multiplying  the  number  of  magnets  and  armatures, 
by  u%ing  the  current  developed  to  strengthen  the  magnets^  and 
by  revolving  the  armatures  at  a  high  rate  of  speed,  a  very  large 
amount  of  electricity  may  be  produced.  The  electric  light  is 
now  very  generally  supplied  with  electricity  by  machines  made 
upon  this  principle  and  driven  by  steam  or  water-power.  Such 
machines  are  called  dynamo-electric  machines.  Small  machines 
ue  sometimes  employed  for  medical  purposes,  which  have  been 


*  In  Miothrr  furm  nf  ihc  machine  the  coil  of  wire  rs  on  ibc  magnet,  and  the 
pfxxluced  hy  the  varialioos  in  the  magnet  itself,  caused  by  the  vary* 
uf  the  aniuiture&. 
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improved  by  M.  Gaifle  so  as  to  give  much  belter  results  than  tKe 
older  forms  of  this  apparatus.  In  these  machines  the  electricity 
is  the  result  of  the  conversion  of  mechanical  force  into  electrical 
force,  ihe  two  being  mutually  convertible. 

Thermo- Electric    Currents, — If  two  bars  of   dissimilar 

«      s 
metals  be  soldered  together  at  one  end,  thus :   \  / ,  and  the  junc- 

c 

tion  r  be  heated  while  the  ends  a  and  ir  are  cool  and  connected 
by  a  wire,  electricity  will  pass;  the  direction  of  the  current  will 
depend  ui)on  the  metals  composing  the  couple.  If  the  metals  be 
bismuth  and  silver,  the  current  will  be  from  the  former  to  the 
latter;  if  German  silver  and  iron,  the  current  will  be  from  the 
former  to  the  latter.     By  arranging  a  large  number  of  such  pairs 

thus : WWWW  +  ,  so  that  alternate  junctions  can  be  heated,  a 

current  of  considerable  strength  may  be  produced.  Such  a  series 
is  called  a  thermo-electric piUi  and  may  be  constructed  by  arrang- 
ing the  bars  in  the  form  of  rays  aroimd  a  hollow  centre,  in  which 
a  lamp  or  fire  can  be  kept  burninj,%  and  thus  furnish  a  constant 
current  of  electricity.  Therrao-electrical  currents  have  not  been 
used  in  therapy. 

Physiological  EfTects  of  Electricity. — Electric  currents 
exert  a  marked  physiological  effect  upon  the  nerves,  the  muscles, 
and  the  circulation  of  the  human  body  when  it  is  made  a  part  of 
the  circuit.  A  constant  or  galvanic  current  has  a  refreshing 
effect  upon  a  nerve,  as  well  as  uix)n  a  muscle,  through  which  it 
is  passed.  A  muscle  is  able  to  perform  more  work  under  its 
influence  than  without  it.  Under  its  influence  the  circulation  of 
the  blood  in  any  part  of  the  body  may  be  increased,  which 
increase  lasts  for  some  tiuie  after  the  electrodes  have  been  with- 
drawn. The  physiological  effect  of  the  negative  [X)le  seems  to 
be  greater  than  that  of  the  positive.  The  interrupted,  induced, 
or  Karadic  current  stimulates  nerves  most  when  [lassed  in  the 
direction  of  the  natural  nerve  current;  this  seems  to  be  its  prin- 
cijial  jihysiological  effect.  The  stimulation  seems  to  be  more 
marked  when  the  interniptions  of  the  current  arc  very  rapid  and 
are  induced  in  a  long  wire  of  small  size.  For  this  reason  the 
recent  coils  are  made  with  a  means  of  getting  extremely  rapid 
interruptions.  Drugs  may  be  carried  through  the  skin  by  the 
galvanic  current.  This  process  is  known  as  cataphoresis.  The 
remedy,  in  solution,  is  placed  between  one  of  the  electrodes  and 
the  skin,  and  is  carried  through  the  skin  into  the  tissues  by  the 
passage  of  the  current. 

I'or  iiK)re  extended  remarks  u|>on  this  part  of  ihc  subject  the 
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stQdcnt  is  referred  to  one  or  more  of  the  many  manuals*  upon 
the  subject. 

Chemical  Effects  of  Electric  Currents.— When  a  sirongj 
gal\anic  current  is  j'nssed  ihrongh  a  vessel  of  water  containing  a 
little  sulphuric  acid,  the  liquid  is  decomposed,  hydrogen  gas  is 
given  off  at  the  negative  pole,  and  oxygen  at  the  posiiivc.  '1  his 
process  is  called  electrolysis.  If  we  perform  the  same  experi- 
ment with  a  solution  of  a  salt  of  one  of  the  metals^  the  metal 
appears  at  the  negative  pole,  and  the  negative  element  or  radical 
appears  at  the  positive  pole.  If  the  same  current  be  passed 
through  an  animal  tissue,  the  following  changes  take  place:  The 
water  in  the  tissue  is  decomposed,  the  hydrogen  api>cars  at  the 
negative  pole,  along  with  the  hydroxides  of  potassium  and  sodium, 
while  the  oxygen,  with  the  non-metals  or  acid  radicals,  appears  at 
the  positive.  The  nascent  oxygen  and  acids  surrounding  the 
positive  pole  attack  the  neighboring  tissues  and  convert  them  into 
a  hard  eschar,  while  the  alkalies  at  the  other  pole  exercise  their 
caustic  properties  and  fonn  a  soft,  frothy  mass,  containing  hy- 
drogen gas  in  small  bubbles. 

When  a  sufficiently  strong  and  somewhat  prolonged  current  is 
applied  to  the  skin,  a  similar  effect  to  the  above  is  produced  at 
the  point  of  contact  of  the  electrodes.  At  the  positive  electrode 
the  skin  first  becomes  red,  with  a  burning  sensation,  then  an 
eschar  is  produced  with  an  acid  reaction  of  the  tissues.  The 
eschar  resembles  that  produced  by  a  strong  acid.  At  the  nega- 
tive electrode  there  is  a  vesicle  formed  containing  an  alkaline 
liquid  ;  if  ihe  action  be  prolonged,  more  extensive  ulceration 
takes  place.  From  this  it  will  be  seen  that  strong  currents  should 
be  usc<]  with  care,  unless  it  be  desired  to  produce  destruction  of 
tiwue,  as  in  the  removal  of  tumors,  sujjerfluous  haire,  etc.  When 
destruction  of  tissue  in  a  deep-seated  organ  has  l)een  produced 
by  electricity,  the  eschar  is  absorl^d  without  suppuration,  pro- 
vided ihe  destruction  is  not  too  extensive.  By  the  use  of  a  suit- 
able current  regulator,  the  current  used  for  incandescent  lights  may 
be  en»ployed  for  medical  purix)ses,  instead  of  that  from  a  galvanic 
battery.  The  effects  of  the  magneto  electric  current  are  very 
similar  to  if  not  identical  with  those  of  the  galvanic  current. 
Recently  the  use  of  frictional  electricity  in  the  treatment  of  dis- 
ease has  been  revived  and  advised  as  a  sul>stitute  for  Faradic 
electricity.  The  effccis  of  this  form  of  electricity  have  not  been 
50  well  studied  as  those  of  the  Karadic  and  galvanic,  but  clinical 
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decreases  as  the  temperature  increases,  although  each  gas  obey: 
a  rule  of  its  own,  which  can  be  determined  only  by  ex|>eriment. 
The  volume  of  gas  absorbed  by  a  liquid  at  any  given  tempera- 
ture is  the  same,  whatever  the  pressure.  The  quantity  of  gas 
dissolved,  therefore,  increases  and  decreases  with  the  pressure. 
When  a  liquid  is  exiKJscd  to  a  mixture  of  gases,  it  dissolves  each 
in  the  same  proportion  as  if  it  alone  were  present  and  exerting 
its  own  share  of  the  total  pressure.  Thus  when  the  air,  a  mix- 
ture of  oxygen  and  nitrogen  in  the  i>roportion  of  i  to  4  respect- 
ively, is  exposed  to  a  mass  of  water,  we  find  that  the  gases  are 
absorbed  by  the  water,  in  the  proportion  of  i  to  i  87  respectively. 

Nature  of  Solution. — The  term  solution  embraces  two 
entirely  different  processes,  the  one  a  mechanical  or  physical, 
and  the  other  a  chemical  process.  In  physical  solution  the 
identity  of  the  solid  is  preserved,  as  well  as  that  of  the  water; 
and  by  evatX)ration  of  the  water  we  may  obtain  it  again  un- 
changed. In  some  cases  there  seems  to  l>e  no  manifestation  of 
chemical  action  between  the  water  and  the  solid.  In  other  cases, 
which  seem  at  first  sight  to  be  ecpially  simple,  there  is  heat 
developed,  or  heat  absorbed,  which,  with  other  things,  leads  us 
to  sup{)ose  that  in  these  cases  there  is  a  true  but  feeble  chemical 
union  of  the  salt  with  the  solvent.  When  the  solid  separates 
again  in  crystals,  it  takes  a  part  or  all  of  the  water  with  it  as 
water  of  crystallization.  Simple  solution  in  water  may  be  re- 
garded, in  most  cases,  as  a  feeble  combination  of  the  solid  with 
the  water,  and  then  the  diffusion  of  this  compound  through  tlie 
remaining  water.  A  saturated  solution  is  regarded  as  a  definite 
com|X>und  of  the  liquid  and  the  substance  dissolved.  The 
metallic  alloys  are  in  some  cases  mere  mixtures,  and  in  others 
they  seem  to  be  veritable  compounds.  When  a  metal  dissolves 
in  a  dilute  acid,  there  is.  at  first,  a  chemical  action  between  the 
acid  and  metal,  by  which  a  soluble  compound  is  formed.  This 
then  dissolves  in  the  water  present,  as  above  described.  This 
double  process  is  sometimes  termed  chemical  solution. 

Diffusion  of  Liquids. — When  one  hquid  dissolves  in  another 
the  process  is  called  liquid  diffusion.  If  upon  the  bottom  of 
a  vessel  containing  pure  water,  we  jiour  some  water  colored  with 
a  little  aniline  red,  by  delivering  it  through  a  funnel  tul>e  so  as 
to  prevent  the  mingling  of  the  two,  and  then  allow  the  vessel  to 
remain  at  rest  for  some  hours,  the  color  will  be  found  to  have 
diffused  itself  throughout  the  water. 

If  instead  of  a  colored  water  we  use  a  strong  solution  of  com- 
mon salt,  having  a  high  specific  gravity,  we  shall  find  by  appro- 
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tests  that  the  salt  has  passed  throughout  the  entire  liquid, 
e  rate  of  dilTusion  in  these  cases  increases,  for  all  sulisrances, 
with  the  temperature.  This  is  because  the  rapidity  of  motion  of 
the  molecules,  to  which  we  ascribe  the  phenomena  of  heat, 
increases  with  the  temperature. 

Dialysis. — If,  in  the  experiment  of  the  last  section,  we 
should  interpose  a  porous  partition  of  earthenware  or  parchment 
between  the  salt  solution  and  the  pure  water,  the  result  would 
be  the  same;  the  salt  would  pass  through  the  partition  into 
the  water.  If,  however,  we  use  on  one  side  of  the  partition  a 
colloidal  substance  like  gelatin  or  albumin,  we  shall  find  that 
almost  none  of  this  body  passes  through  it  into  the  water.  Crys- 
tallizabie  bodies  i»ass  through  the  membranes  with  ease,  while 
those  which  do  not  cr)'slalli2e — called  colloids — jiass  with  great 
difficulty.  This  pro|x;rty  of  bodies  is  made  use  of  to  separate 
the  one  class  from  the  other.  The  process  of  the  passage  of 
liquids  through  )x>rous  membranes  is  called  osmosis.  The 
dialyzer  is  an  apparatus  consisting  of  a  shallow  vessel  provided 
with  a  bottom  of  parchment,  or  some  porous  membrane,  into 
■which  the  solution  to  be  dialysed  is  placed,  and  the  vessel  is  then 

oated  upon  pure  water  in  a  larger  vessel.  (See 
Ps*  35*3  'r^^  volume  of  water  should  be  8 
or  lo  times  that  of  the  solution  to  be  dialyzed. 
In  the  course  of  two  or  three  days  the  crystal- 
li/able  bodies  in  the  solution  will  be  found  in 
the  water  of  the  outer  vessel,  and  the  colloid 
bodies  will  be  in  the  dialyzer. 

Dialysis  Is  employed  to  prepare  a  pure  col- 
loid material  by  dialyzing  from  it  all  crystalliz- 
able  salts.  A  complex  robcture,  like  the  con- 
tents of  a  stomach,  is  stibmittcd  to  dialysis  for 
the  purpose  of  separating  from  it  the  crystalloids  which  it  may 
coniain,  so  as  to  get  them  in  a  pure  watery  solution  for  analysis. 


Flc.  35. 
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Formation  of  Crystals. — When  substances  change  from 
the  melted  to  the  solid  state,  or  separate  from  a  solution,  many 
of  them  assume  a  regular  geometrical  form,  called  a  crystal. 
The  proccifi  is  called  crystallization.  The  same  substance 
'  wajra  asumes  the  same  crysialhne  form  when  formed  in  the 
ic  way ;  but  under  different  circumstances,  as  high  and 
temperatures,  the  same  substance   may  have   two  different 
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crjstalline  forms,  in  which  case  it  is  said  lo  he  dimorphous. 
Different  salts  of  ihe  same  metal  assume  different  forms,  unless 
the  structure  of  the  molecules  is  very  similar.  'I'hus  NaCI, 
KCl,  NaBr,  KBr,  and  KI  crystallize  alike,  in  cubes;  while 
KjSO,,  CNO,,  and  K.C1  assume  different  forms.  The  form  of 
the  crystal  is,  therefore,  to  a  certain  extent,  an  index  of  the 
molecular  structure  of  the  body.  There  are  s<:)nie  substances,  like 
gelatin,  albumin,  fibrin,  etc.,  which  cannot  be  made  to  assume 
the  crystalline  form.  Such  bodies  are  called  colloids,  while 
thosewhich  crystallize  readilyare  called  crystalloids.  In  order 
that  crjstals  may  form,  it  is  necessary  thai  ihe  molecules  shall  he 
free  to  move ;  /.  e.,  cohesion  must  be  overcome  to  such  an  extent 
that  it  shall  not  prevent  the  free  movements  of  the  molecules. 
This  condition  prevails  in  solutions,  in  the  tnelted  state,  or  in 
the  gaseous  state.  When  we  evaporate  off  the  solvent,  in  the 
case  of  solutions,  we  mayobiain  the  crystals  with  ease.  The  more 
slowly  the  evajxjration  takes  place,  the  larger  and  more  perfect 
are  the  crystals  obtained.  As  a  rule,  bodies  dissolve  more  readily 
and  in  larger  quantities  in  hot  than  in  cold  water.  A  hot  satu- 
rated solution  of  any  crystallizable  salt  deposits  the  excess,  on 
cooling,  in  the  forip  of  crystals.  A  litpiid  which  is  dejxisiting 
crystals  will  do  so  more  readily  when  foreign  bodies — as  sticks, 
strings,  etc. — are  suspended  in  it.  Milk  sugar  is  usually  crys- 
tallized in  this  way,  upon  strips  of  wood.  Advantage  is  taken 
of  this  fact  to  prei^re  parlor  ornaments  in  the  shape  of  grass, 
leaves,  etc.,  covered  with  alum  crystals,  which  may  be  colored 
with  anilin  colors  by  previously  coloring  the  solution. 

When  l>odies  are  sublimed,  they  usually  assume  the  form  of 
crystals  in  coming  back  to  the  solid  form;  for  cxam])le,  iodine 
and  sulphur.  When  we  evaixirate  down  a  solution  containing 
two  or  more  sails  of  different  degrees  of  solubility,  the  least  solu- 
ble crystallizes  first,  and  may  thus  be  sejjarated  from  the  more 
easily  soluble  ones. 

This  fact  is  taken  advantage  of  in  preporine  common  salt  from  sea  water  or 
sail  spiings.  The  common  sail,  bcin^  less  wjliihic  tlinn  the  magnesium  and 
potassium  chloride.*;,  bromides,  or  iodides,  whh  which  it  is  often  as-tocialed, 
sejuirates  first,  and  may  lie  skimmed  off,  leaving  the  others  in  the  mother 
liquor — (he  name  given  to  the  li([uid  frum  wiilcli  crystals  are  oMained. 

When  a  substance  aysiallizci  from  a  solution,  the  cr>stals,  if  perfect,  are 
nearly  free  from  impahtiea,  We  lliercfore  take  advantage  of  this  method  lo 
purify  9ub!>tance3. 

Water  of  Crystallization.^Most  substances,  when  they 
separate  from  a  solution,  take  with  them  a  certain  definite  amount 
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of  waler  as  a  necessary  part  of  the  crystal.  This  water  is  known 
as  water  of  crystallization.  The  crystals  of  a  given  sub- 
stance, when  deiMjsited  at  the  same  temporaiure,  always  contain 
the  same  amount  of  water.  Thus,  the  cr\stals  of  c(.>pper  sulphate 
contain  five  molecules  of  water  for  one  of  the  salt,  and  the 
formula  of  the  crystal  is  written  thus  : 


CaS0,.5H,0  or  CuSO^  sAq. 
Kcnnus  salphaie  crystals  have  the  formola 
^oUinm  carbooatc    "         "  •' 

Alum  ■'         **  '* 


N«.a)„iolLO 
K,AI,(i(0,),.24H,0 


A  few  sails  have  diflercnl  amoimts  of  water  of  crystallization 
when  separated  at  different  temi>eratures.  Thus  crystals  of  man- 
ganous  sulphate  have  the  forniula^ 


MnSOj.  7H,0  when  crystallised  below 
MnSOj.  5H,0    "  •*  betweca 


6«C.  (  42.8«K.) 

7°  and  io°C.  (440  and  68°^'.) 

20°  and  30«C.  {68?  and  86'*h\) 


The  crystalline  forms  in  these  three  cases  arc  entirely  diflTcrent, 
showing  that  the  molecules  of  water  are  necessary  to  the  form  of 
the  crystal.  The  water  in  these  cases,  is  held  by  a  feeble  force, 
and  may  generally  be  driven  off  by  exposing  the  crystal  to  a 
temperature  of  100*  C.  (212°  F.)  in  a  dry  atmosphere,  when  the 
crystals  fall  to  powder.  In  some  cases  the  crystals  lose  their 
waler  at  ordinary  temjwratures  and  crumble  to  a  powder.  They 
are  then  said  to  effloresce.  On  the  other  hand,  some  dry  sub- 
stanci*s,  when  expose<l  to  the  air,  absorb  water.  They  are  then 
said  to  deliqueace  ;  such  a  body  is  said  to  be  deliquescent  or 
hygroscopic. 

Silver  nitrate  (AgN(\),  and  a  few  other  salts,  crystallize  with- 
out w-aler  of  crystalli/ation. 

Forms  of  Crystals. — A  great  variety  of  crystalline  forms 
arc  met  with,  but  for  convenience  of  study  all  may  be  classed  in 
nix  systems.  These  systems  are  based  upon  the  number,  length, 
and  inclination  of  certain  imaginary  lines  caded  axes,  passing 
thror)gh  the  centre  of  the  crystals  and  connecting  opposite  jar- 
allel  sides,  or  op|X)site  angles.     (See  Fig.  36.) 

The  following  figures  represent  a  few  of  the  most  common  and 
iimplcr  forms  of  crystals  met  with,  and  the  most  of  those  spoken 
of  in  the  following  pages : 
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Fig.  36. 
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Fig.  37- 


Fig.  39- 


SBGULAR  OCTAHBDRON. 


Ftc.  40. 


Fig   38. 
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OBLIQUE  RHOMBIC  PRISH.  RHOHBOIDAL  nUSM. 


Fig.  49. 


Fig.  43. 


HEXAGONAL   PKIKM. 

Modified  by  Pyramid, 
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THEORETICAL  CHEMISTRY. 

Molecules. — A  molecule  has  been  defined  as  a  collection 
of  atoms  held  together  by  chemism  or  aflinity,  in  such  a  way  as 
to  neutralize  their  tendency  to  combine  with  outside  atoms. 

Hence,  a  molecule  may  be  deBned  as  the  smallest  portion  of 
matter  that  can  remain  in  the  free  or  uucombined  state.  When 
the  atoms  comprising  a  molecule  arc  of  the  same  kind,  it  is  siid 
to  be  elemental  or  simple  ;  when  of  different  kinds,  it  is  called 
a  compound  molecule. 

When,  by  chemical  means,  we  cause  a  re-arrangement  of  the 
atoms  of  compound  molecules,  we  may  obtain  two  or  more  kinds 
of  elementary  molecules;  but  with  elementary  molecules  we  only 
obtain  one  kind.  We  may  illustrate  this  by  the  following 
formulae  : — 

Let  ab  uid  ab  represent  two  componnd  moleculcf.  By  a  re  arrangement 
we  Tcay  hnve  aa  and  bb.  If  we  tkkc  aa  aod  aa  we  shall  not  be  able  to  ob- 
tain anything  else  but  aa  and  aa. 

If  in  the  molecules  represented  by  HOH  and  HOH,  we  cause 
the  re-arrangement  by  a  strong  electric  current,  we  shall  have 
HH,  HH  and  OO,  or  two  kinds  of  molecules  entirely  ditTerent 
from  the  original  molecules  and  from  each  other. 

If»  on  the  other  hand,  a  current  of  electricity  be  caased  to 
pass  through  either  HH  -{-  HH,  or  OO  +  OO.  we  will  only 
obtain  HHand  HH,  orOOandOO.  By  this  and  other  methods 
known  to  chemists,  about  73  elemental  molecules  or  different 
kinds  of  atoms  havelx-en  discovered.  Hy  a  chemical  element, 
then,  we  mean  a  substance  that  has  never  been  found  to  contain 
more  than  one  kind  of  atoms;  and  a  comix)und  body  is  one  that 
has  been  shown  to  contain  more  than  one  kind  of  matter  or 
atoms.  These  73  different  molecules  or  atoms  have  each  received 
a  separate  name  ;  the  name  of  the  molecule  and  that  of  the  cor- 
responding element  being  the  same.  These  names  are  given  in 
the  first  column  of  the  following  table  :  — 
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'1 
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Sb 
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(0 
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II 
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9 
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PROPERTIES  OF  MOLECULES. 

MolecuJar  Weights. — Molecules,  whether  elementary 
com|uut)il,  must  have  a  definite  size  and  weight.  The  absolute 
weight  of  molecules  and  atoms  is  of  no  practical  value  to  the 
chemist,  but  the  comparative  weights  of  molecules  wc  shall  find 
to  be  of  vast  importance.  The  i>hysicaJ  pro|:>erties  of  boclies,  as 
color,  hardness,  ductility,  etc.,  are  determined  by  the  properties 
of  the  molecules  composing  them.  In  weighing  molecules  we 
use  the  lightest  known  atom  as  the  unit  of  weight.  This  atom  is 
that  of  hydrogen.  The  relative  weights  of  molecules  have  all 
been  measured,  and  in  expressing  these  weights  our  iviimbers 
express  how  many  times  heavier  the  molecule  is  than  the  h\dro- 
gen  atom.  Thus  the  molecular  weight  of  oxygen  is  32.  That 
is,  the  molecule  of  oxygen  weighs  as  much  as  32  atoms  of 
hydn)^en. 

Molecular  vfcight,  then,  is  the  weightof  a  molecule  as  com- 
pared with  the  Weight  of  the  hydrogen  atom. 

Avogadro's  or  Ampere's  La>v. — This  law  was  first 
enunciated  by  .Avogadro,  an  Italian  physicist,  in  1811,  and  was 
reproduced  by  Ampere,  a  Frencli  physicist,  in  1814.  The  law 
has  already  been  stated  (see  gaseous  state)  as  follows:-  Equal 
volumes  of  all  true  gases,  when  at  the  same  tem- 
perature and  under  the  same  pressure,  contain  the 
same  number  of  molecules.  That  is  to  say,  a  litre  of  any 
given  gas,  tinder  the  same  conditions  of  temperature  and  pres- 
sure, always  contains  the  same  numV>cr  of  molecules,  wl  atever 
the  nature  or  composition  of  the  molecules  comi>osing  the  gas. 
As  a  natural  conclusion  from  this  law,  we  have  the  following  : 
First.—  Gaseous  molecules  al*ways  occupy  the  same 
space;  /.  r  ,  the  molecule,  together  with  the  intervening  space, 
always  occupies  the  same  volume.  Second. — Since  the  same 
volume  contains  the  same  mmilier  of  molecules,  it  follows  that 
the  Aveights  of  equal  volumes  of  any  t^vo  gases  (under 
like  conditions  as  above)  are  the  weights  of  the  same 
number  of  molecules.  Hence,  the  two  weights  will 
stand  in  the  same  proportion  to  each  other  as  the 
weights  of  their  respective  molecules. 

Thus,  suppt>s«  fquiil  volumes  of  hydrogen  and  oxygen  gases,  Inrge  enough 
to  contain  10,000  inulccules  cacli ;  llie  weights  uf  these  gabcs  will  Ix;  in  the  one 
case  10,000  times  the  weight  of  one  molecule  of  hydrogen,  and  in  the  other 
10,000  times  the  weight  of  one  molecule  of  "xygcn,  and  these  numbers  must 
be  lo  each  other  as  the   weight  of  I  molecule  of  hydrogen  lu   l  molecule  of 
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ox^en.  This  law  is  Ihc  t>asis  of  mnny  of  uur  modem  cbfmical  notions.  It 
is  lo  chemistry  what  Newton's  Uw  of  grnvitation  was  to  the  !ii:ic»ce  ofaittroii- 
omy.  Thi>  is  not  the  place  to  enter  into  the  di!>cu>sion  of  Ihc  proofe  of  this 
law.  Saflficc  ii  to  say,  that  it  rests  on  about  as  strong  prnof  as  any  otlicr  law 
of  physics  or  cheniislry.  or  as  the  law  of  graritalion  itself. 

If  we  accept  the  mechanical  theory  of  gases  is  given  in  pp.  20^  ai,  and  23, 
the  Uw  of  A  vogadro  if  capable  of  mathematical  proof.  The  evidence  in  its  favor 
has  become  w  stroit];  that  it  is  now  accepted  by  nearly  all  chemists  as  a  fact. 

Number  of  Atoms  in  Elemental  Molecules. — We  may 
determine  the  number  of  atoms  in  many  elementary  molecules 
by  a  simple  application  of  Avogadro's  law  to  well-^known  exjATi- 
rnents. 

This  demoostration  may  be  illustrated  by  reference  to  the  behavior  of  the 
two  gases,  chlorine  and  hydrogen. 

Into  a  glass  tube  inverted  over  mercury',  put  equal  volumes  of  the  two  gases,^, 
and  allow  the  apparatus  lo  stand  in  dtlTuted  light.  After  some  hours,  the 
greenish  color  of  tht  mixture  will  have  entirely  disappeared,  the  yoscs  having 
combined  to  form  the  colorte^'S  hydrochloric  acid.  The  mercury  stands  at  tht 
asiDc  be  ght  in  the  tube  as  at  the  beginning  of  the  experimenL  The  volume 
of  the  hydrochloric  acid  is  therefore  just  equal  to  the  combined  volume  of  both 
oooMituents.     (Seep.  115.) 

Let  the  following  diagram  represent  thla  combination : — 
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Since  the  volume  of  the  hydrogen  and  that  of  the  chlorine  are  equal,  it  is 
clear,  (rom  the  law  of  Avogodro,  that  the  number  of  molecules  of  each  will  be 
the  same ;  at&n,  that  the  number  of  molecules  of  the  hydrochloric  acid  gas  must 
be  e<{ual  lo  the  sum  of  the  molecules  of  the  two  gases  used.  Suppose,  for  illus- 
inuion,  thai  the  volume  of  hydrogen  taken  contained  looo  molecules;  then 
there  will  \x  1000  iiHslecules  of  chlorine,  and  2000  molecules  of  hydrochloric 
acid,  the  volume  of  this  gas  being  twice  that  of  hydrogen.  Kach  of  the  2000 
molecules  of  hjrdrochloric  acid  must  contain  at  least  nn  atom  of  hydrr^en  and 
one  of  chlorine ;  hence,  2000  atoms  of  each  nf  these  elements  have  been 
derived  from  looo  molecules  of  the  same,  and  tlieicfore  each  molecule  must 
have  furnished  td  least  two  atoms. 

Experiments  quite  as  decisive  have  been  made  to  show  that  in 
water  the  3  vuhinies  of  hydrogen  and  i  volume  of  oxygen  pro- 
duce only  2  volumes  of  water-vapor.      Thus : — 
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By  the  same  reasoning  we  may  show  that  each  molecule 
oxygen  contains  two  atoms ;  also  that  each  molecule  of  water 
must  contain  hco  atoms  of  hydrogen  to  one  of  oxygen,  instead 
of  one^  as  was  formerly  taught. 

Most  of  the  molecules  of  elementary  substances  contain  two 
atoms;  or,  in  other  words,  are  diatomic.  Argon,  mercury, 
cadmium,  zinc^  and  bariurar  however,  contain  but  one  atom  in 
each  molecule.  Oxygen,  as  ozone,  contains  three  atoms.  Phos- 
phorus and  arsenic  contain  four  atoms,  but.  at  a  white  heat  these 
break  up  into  simpler  molecules.  Sulphur  at  lower  temperatures 
seems  to  contain  six,  wliile  at  higher  temperatures  it  contains 
only  two. 

Some  molecules  which  at  ordinary  temperatures  contain  (wo  atoms,  break 
up  or  dissociate,  as  it  is  termed,  at  very  high  teraperAttires.  Thus  chlorine, 
bromine,  and  iodine,  which  at  a  moderate  heal  are  dialonuc,  at  a  ver^'  high 
temperature,  8oo°  C,  begin  to  dissociate,  and  become  monalomic  at  the 
strongest  furnace  heat.  Many  compounds  do  the  same  ihitig.  (HgiCl^.N^O,,- 
NjO^}.     The  law  of  Ampi^re  is,  therefore,  true  only  at  moderate  tempcnuures. 

Molecular  Weight,  Determined  by  the  Law  of  Avo- 
gadro. — It  has  just  been  shown  that  the  molecule  of  hydrogen 
is  composed  of  two  atoms.  We  have  already  defined  molecular 
weight  as  the  weight  of  a  molecule  in  units  of  hydrogen  atoms. 
It  may  also  l)e  defined  as  the  sum  of  the  weights  of  its  con- 
stituent atoms.     The  molecular  weight  of  hydrogen  is  therefore 

1  4-  I,  or  2.  Supix)se,  for  example,  we  weigh  equal  volumes  of 
hydrogen  and  oxygen  gases  under  Hke  conditions  of  temperature 
and  pressure,  and  find  the  weights  to  be  respectively  i  and  i6 
grammes.  It  follows  that  the  molecules  of  these  gases  are  to 
each  other  as  i  to  i6.  for,  according  to  the  law,  each  contains 
the  same  number  of  molecules.  As  the  molecular  weight  of 
hydrogen  has  been  shown  to  be  2,  it  follows  that  the  molecular 
weight  of  oxygen  must  be  32,  for  32  be*irs  the  same  ratio  to 

2  that  16  does  to  i.  i  :  16:  :  2  :  ^^2.  From  this  it  will  be 
seen  that  the  molecular  weight  of  oxygen  is  twice  its  density  ;  /.  e., 
its  sr)ecific  gravity  as  compared  with  hydrogen.  The  same 
reasoning  applies  to  all  other  gases,  whether  elemental  or  cotn- 
ponnd.  and  we  may  state  this  fact  as  follows: — The  molecular 
weight  of  any  body  is  twice  its  density  in  the  gaseous 
state.  The  converse  of  this  statement  is  also  true,  viz. :  the 
density  of  a  gas  is  one-half  its  molecular  \veight.  For 
methods  of  determining  molecular  weights,  see  Part  IV',  p.  298. 
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PROPERTIES  OF   ATOMS. 

Definition. — An  atom  is  the  smallest  conceivable  portion 
of  matter.  It  is  the  smallest  portion  of  an  element  that  can  enter 
into  tlic  formation  of  a  molecule,  or  lake  part  in  a  chemical  re- 
action. 

The  student  shonld  strive  to  clearly  comprehend  the  diflTerence 
between  a  molecule  and  an  atom.  The  former  is  a  collection  of 
the  latter  held  together  by  an  attraction  called  chemism  or  chem- 
ical affinity.  Molecules  are  destructible;  they  may  be  broken 
up  and  ilicir  pro|K'rtics  destroyed.  The  atom,  on  the  other  hand, 
is  an  indestructible  solid  particle,  whose  properties,  so  far  as  we 
know,  are  never  destroyed. 

Atomic  Weight. — Atoms  differ  from  one  another  in  their 
weight,  and  the  quality  and  the  quantity  of  their  combining 
power.  Further  than  this  we  have  no  certain  knowledge  of  their 
properties. 

The  weight  of  an  atom  of  any  given  element  is  always  the 
same.  In  weighing  atoms  we  do  not  take  the  absolute  weight, 
but  the  relative  weight,  using  the  hydrogen  atom  as  the  unit. 
The  atomic  weight  of  any  clement  expresses  the  number  of 
times  its  atom  is  heavier  than  the  atom  of  hydrogen.  The  atomic 
weight  of  oxygen  is  15.96;  i.  c,  the  atom  weighs  15.96  (approxi- 
mately i6j  times  as  much  as  the  atom  of  hydrogen.  The  atomic 
weights  of  the  elements  will  be  found  in  the  table,  i>.  80. 

Quality  of  Combining  Power.  Polarity  of  the  Atoms. 
—We  have  seen  (p.  70 1  tliat  when  a  current  ol  electricity  is  sent 
through  a  solution  of  a  metallic  salt,  the  metal  collects  about  the 
negative  electrode,  while  the  non-metallic  part  of  the  salt  appears 
at  the|>ositive. 

Most  metallic  compounds  are  capable  of  decomposition  by 
electrolysis,  and  the  molecule  seems  to  be  divided  into  two  parts, 
one  of  which  is  attracted  to  the  positive  and  the  other  to  the 
negative  electrode.  We  have  seen  (p.  46)  that  two  Ixnlies, 
similarly  polarized,  repel  each  other,  while  bodies  oppositely, 
polarized  attract  each  other.  We  conclude,  therefore,  that  ihos 
atoms  which  are  attracted  by  the  negative  \)o\e  of  the  galvanic 
battery  are  i»ositively  [)oIarized,  while  the  others  are  negatively 
polari/ed.  This  is  what  is  meant  by  the  diflerence  in  the  quality 
of  combining  |>ower.  I'osilive  and  negative,  as  applied  to  the 
polarity  of  atoms,  is  not  absolute,  but  relative;  and  the  polarity 
of  an  atom  mtiy  be  changed,  by  the  inducing  action  of  another 
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atom,  from  positive  to  negative,  or  nice  x^ersa.  As  a  general 
rule,  tlie  metallic  atoms  are  ]>ositive,  and  the  non-metatlic 
negative. 

When  several  atom.4  arc  brought  into  contact  with  one  another,  thnse  liaving 
sJmiUr  p<i)dri(y  repel  one  another,  as  <lo  other  bodies  that  ore  of  like  polarity, 
while  those  having  a  difTerent  polarity  attract  one  another;  hence,  union  or 
combination  can  only  take  place  between  atoms  that  ore  unlike  in  their  electri- 
cal polarity. 

In  the  following  table  the  elements  are  so  placed  that  each  one 
is  electro-negative  to  those  l>elow,  and  electro-positive  to  those 
above  it.  In  this  table,  silicon,  and  those  which  follow  it,  are 
l^sitive  to  titanium,  and  iron  is  ix>sitive  to  nickel. 


Negttthe  End — . 
Oxygen. 
Sulphur. 
Nilrojjen. 
Fluorine. 
Chlorine. 
Bromine. 
Iodine. 
Selenium, 
iliosphorus. 
Arsenic. 
Chromiam. 
Van  allium. 
Molylxlenum. 
Tungsten. 
Boron. 
Carbon. 
Antimony. 
Tellurium 
Tantahim. 
Coluuibiuin. 
Titanium. 

Positive  Eni  -f-- 
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Negative  End—. 
Silicon. 
Hydrogen, 

Gold. 

Osmium. 

Iridium. 

Plutiiuim. 

Khvidium. 

Ruthenium. 

I'alUdiuni. 


Mercury. 
Silver. 
Copper. 
Uranium. 
Bismuth, 
'lin. 
Indium. 
Lead. 
Cadmium. 
Thallium, 
Cobalt. 
Nickel. 
Positive  Emd  -f-. 

Quantity  of  Combining  Power. — By  an  analysis  of  a 
large  number  of  compuinids  of  hydrogen  with  other  elements,  it 
has  been  found  that  while  chlorine  combines  with  it  In  the  pro- 
portion of  its  atomic  weight,  /.  e.y  i  part  by  weight  of  hydrogen 
10  35-5  I>arts  of  a, 

16  parts  of  Oxygen  combine  with  2  parts  of  H, 

14     *•     *'    Nitrogen       '*  "      3      *'      •'     H, 

12     **     **    Carbon  '*  '*      4       **     *'     H. 

and  so  on ;  so  that  the  power  of  the  atoms  to  attract  and  com- 


Negative  End — . 

Iron. 
Zinc. 

Manganese, 
lanthanum. 
Didymium. 
Cerium. 
Thorium. 
Zirconium, 
AKiininum. 
Erbium. 
Ytirium. 
GUicinum. 
Magne.Mum. 
Calcium, 
StronLium. 
Barium. 
Lithium, 
S(xJium. 
Potassium. 
Rubidium, 
Caesium. 
Positive  End  \. 
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bine  with  hydrogen  is  not  alike  in  all  cases.  This  is  expressed  by 
saying  thai  the  equivalence,  or  quantivalcnce»  of  the  atom 
in  question  is  i,  a,  3,  4,  5,  6,  or  7,  according  as  it  wiM  attach  to 
itself,  be  exchanged  for,  or  take  the  place  in  a  molecule  of  1,3, 
3>  +.  5.  6,  7,  atoms  of  hydrogen  or  their  equivalent. 

The  chemical  equivalent  of  an  atom,  is  an  atom  which  can 
take  its  place  in  a  molecule.  Atoms  are  divided  into  monads, 
dyads,  triads,  tetrads,  pentads^  hexads,  or  heptads,  according  as 
they  can  fix  i,  2,3,  4.  5,  6.  or  7  atouis  of  hydrogen,  or  tlielr 
equivalent.  Univalent,  bivalent,  trivalcnt,  etc.,  arc  adjectives 
used  to  express  the  valence  of  an  atom, 

A  monad  is  equivalent  to  a  monad. 

"  dyad      '*         "        to  2  monads. 

'*  triad      **  **         to  3  monads,  or  1  monad  and  i  dyad. 

"  tetrad    "  "        to  4  monads,  2  dyads,  or  i  monad,  and 

1  triad. 

A  pentad  '*  "         to  5  monads,  a  tetrad  and  i   monad,  a 

triad  and  2  monads,  or 

2  dyads  and  i  monad. 

The  valence  of  an  atom  is  often  indicated  to  the  eye  by  daslies, 
thus:— 


Mcoud      0-    Dr«i     — 0— 

Triad 

— 0— 

1                        \^ 
Tetrid  — O—     reutad      O 

Hexul 

— 0— Hcpl»d— 0— 

1                         /\ 

y\          /\ 

It  will  be  seen  that  the  hydrogen  ato  n  is  the  unit  of  comparison 
for  comUining  powers,  or  valences,  and  the  dashes  represent  the 
number  of  bonds  or  points  of  attraction,  or  poles  of  the 
atonnic  magnet.  The  valence  of  an  ato;n  may  also  be  ex- 
pressed by  a  Roman  numeral  placed  above  and  to  th'^  right, 
thus:— H».  O",  CI"',  C'v,  etc. 

CHEMICAL  NOTATION. 

Symbols  and  Formulae. — [n  representinx  atoms  and 
molcculci  to  the  eye.  wc  make  use  of  a  series  of  symbols  derived 
from  the  names  of  the  elements  themselves.  This  is  usually  the 
initial  letter  of  the  E-i^lish  or  Litin  name,  or  in  case  t^vo  or 
more  ua-nes  begin  with  the  same  letter,  the  initial  with  some 
other  t:haracteristic  letter.  Thus,  on  reference  to  the  table  on 
[n^e  83,  we  sec  B.  Ba,  Bi.  Br.  represeutinj;  the  atoms  of  boron, 
bariuittj    bisnuth,  and    bromine  respectively.     In   this  book,    a 
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symbol  is  never  used  lo  represent  the  element  in  general,  but  a 
symbol  always  represents  an  atom,  with  all  its  proi)erties,  and 
nothing  else. 

Formulae.— A  formula  is  the  sign  of  a  molecule.  It,  there 
fore,  re|iresents  a  definite  weight — the  molecular  weight ;  and  in 
the  case  of  gases,  always  the  same  volume.  Korumla:  are  made 
up  of  symbols^  as  a  molecnle  is  made  u]j  of  atoms;  and  the  atoms 
tomposing  a  molecule  are  all  lepresented  by  syral>ols  in  the 
formula.  Thus  :  HCl  is  a  formula  representing  a  molecule  con- 
taining one  atom  or  i  part  of  hydrogen,  and  one  atom  or  35,5 
l>arls  by  weight  of  chlorine. 

In  writing  formula;,  we  write  the  symbols  composing  the  mole- 
cule in  juxtaposition,  beginning  with  the  more  electro-positive. 
Thus:   KOCl,  HBr,  etc. 

Multiplication  of  Molecules  and  Atoms. — When  we 
wi^h  lo  rei)resenl  more  tiian  one  atom,  we  use  a  small  numeral  at 
the  right  hand  lower  corner  of  the  symbol ;  thus,  O,,  represents 
2  atoms  of  oxygen,  or,  since  the  molecule  of  oxygen  contains 
two  atoms,  this  also  represents  the  molecule.  As,  represents  4 
atoms  of  arstnic,  or,  since  the  molecule  of  arsenic  contains  four 
atoms,  it  is  also  the  formula  of  a  molecule  of  arsenic. 

When  wc  wish  to  rq^rcscnt  more  than  one  molecule  of  a  sub- 
stance, we  use  full-sized  numerals  placed  before  the  formula. 
Thus,  2Hj{)  represents  two  molecules,  each  of  which  is  composed 
of  two  atoms  of  hydrogen  and  one  of  oxygen.  Or,  we  may  en- 
close the  formula  in  a  parenthesis,  and  place  a  small  numeral  at 
the  right  hand  lower  corner,  thus:  (H,0),.     Examples:  — 

HySO^  repre&ents  i  molecule,  coniaioiog  2  atoms  of  hydn^en,  I  of  sulphur, 

uid  4  of  oxygen. 
5H,SC>,  represents  5  molecules  of  the  same  substance. 
3NfljNO,(  represents  3  molecules,  containing  in  each  molecule  two  atoms  of 

nitrogen,  4  alums  of  hydrogen,  and  3  atoms  of  oxygen;  37  atoms  in  all, 
2K,Al^{SOj)j  represents  two  molecules,  containing;  in  each  molecule  2  atoms 

of  potassium,  3  atoms  of  aluminum,  4  atoms  of  sulphur,  and  16  atoms  of 

Qxygeu;  48  atoms  in  all. 

As  the  symlx)U  always  represent  the  atomic  weights,  we  may 
reduce  any  formula  to  figures,  or  find  its  molecular  weight,  by 
adding  together  the  weights  represented  by  (he  symbols  compos* 
ing  it.  Let  it  be  desired  to  find  the  molecular  weight  of  HjSO^. 
By  reference  to  (he  table  on  j^agc  80,  it  will  be  seen  that 
H,  —  2,  S  ^  32  and  O^  =  4  X  16  ^  64.  By  adding  together 
these  three  nutnbers  we  obtain  98,  the  weight  of  the  molecule. 
An  empirical  formula  is  one  which  merely  gives  the  kind  and 


Lit  a^l 

and    ^1 

sre-     ^1 
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molecule  of  the  water  and  becomes  NH^OH 
the  two  moleculces  graphically,  we  have, 


If  we  represent 


Nzli  '""^  "~^Nzli: 


As  will  be  seen,  two  new  points  of  attraction  have  made  theli 
appearances  iii)on  the  nitrogen  atom.  A  large  number  of  such 
cases  are  known,  and  the  explanation  is  as  follows:  — 

The  full  equivalence  of  nitrogen  is  pentad.  In  the  compound 
Hj,N,  for  some  unknown  reason,  two  poles  of  the  atomic  magnet 
neutralize  each  other,  and  so  the  combining  power  of  the  atom 
is  lessened  by  two.  This  increase  or  diminution  of  combining 
power  always  takes  ])lace  in  pairs,  so  that  a  dyad  may  become  a 
tetrad,  but  not  a  triad.  A  monad  may  become  "a  triad,  or  a 
pentad,  but  never  a  dyad  or  tetrad. 

Other  Signs  Used  in  Writing- — A  plus  sign  between 
two  formulae  indicates  th:it  the  substances,  whose  molecules  they 
represent,  are  brought  together. 

The  minus  sign  iiKlicates  that  the  molecule  following  it  is 
abstracted  from  the  preceding  one.  The  sign  of  equality  is 
used  to  indicate  that  what  follows  is  tlie  re^sult  of  some  change 
thai  has  taken  place.  HCl  +  AgNO,^  HNO, -f  AgCl  shows 
that  the  molecules  represented  by  the  first  two  formulce  have  been 
brought  together,  and  that  a  change  has  taken  place  resulting  in 
the  formation  of  the  two  last. 

Compound  Radicals. — A  radical  or  root  of  a  series  of 
compounds  is  a  cluracteristic  atom  or  group  of  ato.ns  running 
througli  all  of  them,  like  a  root  in  language.  Thus  the  interro- 
gative root  wrh  runs  through  all  that  class  of  words,  as  v^ho, 
■which,  when,  what,  etc.  So,  in  cliemical  compounds  we 
have  a  large  number  of  potassium  compounds,  in  wliich  the  atom 
K  appears  as  the  characteristic  atom :  As  KNO,,  KCIO,,  K^CO^, 
KjSOj,  and  KCl.  It  is  therefore  called  the  root  or  radical  of 
these  compounds.  A  single  atom,  which  forms  a  series  of  char- 
acteristic compounds,  is  called  a  simple  radical. 

Sometimes  instead  of  beitig  a  single  alom.  it  is  a  group  of 
atoms  that  is  found  to  be  the  ohiracteristic  of  a  series  of  com- 
pounds. Thus,  we  have:  (NH.)NO„  (NH,)C1,  (NHJNO,, 
(NH,),S,  etc.,  in  which  the  characteristic  radical  is  a  group  of 
atoms,  or  is  a  compound  radical. 

A  compound  radical  may  be  regarded  as  a  group  of  atoms 
which  behaves  like  a  simple  radical^  or  single. atom.     Like  the 
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single  atom,  it  exists  only  in  combination  with  another  atom 
group  of  atoms,  for  its  bonds  or  points  of  attraction  are  not 
satisfied  unless  it  be  in  combination.  Compound  radicals,  Uke 
atoms,  may  be  positive  or  negative.  Each  compound  radical  has 
a  definite  f[|uivalence,  like  the  atoms.  Some  of  them  have  re- 
ceived arbitrary  names  which  do  not  exjiress  their  composition, 
and  in  most  cases  end  in  yl.  Thus,  (PO/"  phosphoryl,  (H-0-)' 
hodroxyl,  (CO)"  carbonyl,  (CH,)'  methyl,  (C.H,)'  ethyl,  (H.N)' 
ammonium,  (CN)'  cyanogen,  (NH,)'  amidogen.  The  last  three 
are  exccpiions  to  the  rule  as  to  the  ending. 

In  writing  the  formula  of  these  compound  radicals,  they  may 
be  regarded  for  the  time  as  atoms  of  a  comjiound  nature.  If  we 
wish  to  represent  that  several  similar  compound  radicals  enter 
into  the  same  molecule,  we  enclose  the  formula  in  a  parenthesis, 
and  :ls  with  atoms  use  the  numerals  thus,  (NHJ,CO,,Kej(OH  ^^. 

III  the  foregoing  table  will  be  found  the  more  important  ele- 
ments arranged  according  to  both  quality  and  quantity  of  com- 
bining power.  The  elements  at  the  to])  of  the  table  are  negative 
to  all  Ulow  them;  and  those  at  the  bottom  are  fiositive  to  all 
above.  They  are  also  divided  into  monad,  dyad,  triad,  etc., 
some  apt>caring  in  two  or  even  three  columns,  because  of  their 
change  in  equivalence.  In  the  second  table  will  be  found  the 
more  common  atomic  grou]is,  with  the  names  of  the  classes  of 
compounds  they  form,  arranged,  as  far  as  possible,  in  the  same 
order  as  the  elements.  In  regard  to  their  electrical  order,  less 
certainty  exists  than  with  the  elements. 


COMPOUND  MOLECULES. 

Compound  Molecules  Classified. — The  system  of  no- 
menclature now  in  use  for  naming  chemical  comixiunds  is  based 
upon  the  composition  and  properties  of  the  bodies  in  question; 
and  the  name  of  the  body  is  intended  to  express  our  idea  of 
its  chemical  comjtosition.  Homogeneous  bodies  are  supposed 
to  be  made  up  of  a  collection  ol  similar  molecuUs;  hence,  a 
formula  which  represents  the  composition  of  a  single  molecule 
really  represents  the  composition  of  the  mass.  In  applying 
nanus  to  compounds,  we  apply  the  name  to  the  molecule  as  well 
as  the  mass. 

Comixiund  Iwdies  may  be  divided  into  two  classes:  ist,  those 
whose  molecules  are  composed  of  two  kinds  of  atoms  or  radicals, 
called  binary  compounds,  and,  2d,  those  whose  molecules  are 
composed  ol  three  or  mure  kinds  of  atoms  or  radicals,  called 
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ternary  molecules.  Examples :  NaCI,  KBr,  MgCI.,  and 
tNHj)Cl  are  examples  of  binary  molecules.  KClOj,  K,SO,, 
CaCOj.  (NH  JNU,,  and  Ba(NOj,,  are  exam|tles  of  ternary  mole- 
cules. 

Acids,  Bases,  and  Salts. — Ternary  molecules  are  divided 
into  acids,  bases,  and  neutrals  or  salts.  An  acid  is  a 
substance  which  tisually  i>ossesses  a  sour  taste,  corrodes  the  metals 
with  the  evolution  of  hydrogen  and  the  formation  of  salts, 
changes  blue  vegetable  colors  to  reds,  and  neutralizes  the  caustic 
projxrties  of  alkalies  by  forming  salts  with  them.  All  acids 
contain  hydrogen  which  can  be  replaced  by  a  metal.  This 
hydrogen  is  united  to  the  remaining  portion  of  the  molecule, 
either  directly,  as  in  binary  acids,  or  by  a  linking  atom,  usually 
oxygen,  as  represented  by  the  following  graphic  formulae : 

The  replaceable  hydrogen  of  an  acid  is  called  basic  hydro- 
gen, and  the  number  of  such  atoms  determines  the  basicity 
of  the  acid.  A  dibasic  acid,  for  example,  is  one  containing  two 
atoms  of  basic  hydrogen,  a  tri-basic  acid  three,  a  tetra-biusic 
acid  four,  and  so  on.  When  the  linking  atom  of  these  ternary 
acids  is  oxygen,  the  name  of  ox-acids  is  applied  to  them.  The 
tenn  sulpho-acids  is  applied  to  those  containing  linking  sul- 
phur. A  base  has  properties  which  in  many  respects  are 
opposed  to  and  neutralize  the  elTects  of  acids.  They  restore  the 
vegetable  blue  colors  reddened  by  acids,  they  neutralize  the  sour 
lAste,  and  they  react  upon  acids  to  fonn  salts,  with  the  elimination 
of  water.  The  strong  bases  have  a  caustic  action  upon  the  tissuesj 
and  decompose  the  fats,  with  which  they  form  soaps. 

A  base  may  be  defined  as  a  compound  whose  molecule  is 
comjKiSfd  of  a  positive  atom,  or  group  of  atoms,  united  by  link- 


ing  oxygen   to  hydrogen, 
inorganic  t>ases.     .\5: — 


The   positive  atom  is  metallic  in 


/O— H 

vO— H, 


/O— H 

Bi-O— II 


/OH 
Fe— <^H 

/OH 
Fe— OH 
\OH, 


N||,-0— H. 
In  the  Ust  formula  we  have  an  example  of  a  compound  radical 


*  This  defioiiion  applies  only  to  inorganic  bases. 
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united  to  H  by  O.     The  inorganic  bases  are  named  hydroxides 
or  hydrates. 

A  salt  molecule  is  composed  of  a  positive  radical  united  by 
linking  oxygen  to  a  negative  radical.  The  radicals,  in  this  case, 
as  in  acids  and  bases,  may  be  either  simple  or  compound.   Thus  : 

K— O— CI,  K— O— NO,.  Na,  =  0,  =  CO.Da  =  0,  =  SO„(NH,)— O— NO,. 

It  is  evident,  also,  that  a  salt  may  be  formed  by  treating  an 
acid  with  a  metal,  which  replaces  the  Iiydrogeu  of  the  acid  with 
metallic  atoms. 


Zn  -f  CH,-0,-SO,)  -  (Za-0,-SO,)  + 


hL 


We 

proi>- 


It  may  be  regarded,  then,  as  an  acid  whose  replaceable  hyd 
gen   atoms  have   been    replaced  by  |x>sitivc  atoms  or  radicals. 
In  a  dibasic  acid,  like  H— 0\o/0  it  is  possible  to  replace  one 

H-0/^\0, 
of  the  atoms  of  hydrogen  and  leave  the  other  undisturbed 
thus  have,  for  example,  H — Ox^jXO    which  exhibits  the 

K-Oy^\0. 

erties,  and  answers  to  the  definition  of  both  a  salt  and  an  acid. 
It  has  acid  properties  by  virtue  of  the  replaceable  hydrogen,  and 
saline  properties  by  virtue  of  the  other  chain  in  which  the  K  has 
replaced  H. 

Such  a  body  is  called  an  acid  salt,  while  the  salts  first  men- 
tioned, in  which  all  the  H  atoms  have  been  replaced  by  positive 
atoms,  are  called  normal  salts. 

Double  salts  are  formed  by  replacing  a  part  of  the  hydrogen 
of  the  acid  by  one  [wsiiive  radical,  and  a  part  by  another. 


I 


I 


KNaSOjfrom  HUSO,, 


„  ^0\  H— 0\ 

*'S<^0— PO  from  H— 0~PZO 


NH,— O/ 


H— 0/ 


If  a  base  or  metallic  oxide  be  treated  with  sufficient  acid  to 
neutralise  it,  a  neutral  salt  is  usually  formed  ;  but  if  the  base  or 
oxide  be  much  in  excess  of  what  the  acid  would  retiuirc  to  ex|jel 
all  its  hydrogen,  a  basic  salt  will,  in  some  cases,  be  fonned 
according  to  the  following  formula:  — 


P»>< 


O— II 
O— H, 


Pb 


yO— N 


=o 


\ 


O— H 
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05 


/".  e.,  ihe  acid  radical  will  take  the  place  of  a  part  of  its  replace- 
able hydrogen,  and  leave  a  part  of  it ;  or  a  [art  of  the  excess 
of  oxide  will  crowd  into  the  molecule  between  ihc  negative 
radical  and  the  positive.  Such  bodies  are  called  basic  or  sub- 
salts. 

The  subsalts  are  seldom  of  definite  chemical  composition, 
often  being  mixltirfs  of  the  oxide  with  the  basic  or  even  normal 
sail.  Lead  and  bismuth  are  two  metals  especially  liable  to  form 
basic  salts. 


Bi^ 


O 


/0-fC,H.O) 
Pb-O-rb-O— (CjHp) 
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Naming  of  Chemical  Compounds. —  Rule. —Give 
the  name  of  the  positive  radical  first ;  then  the 
name  of  the  leading  negative  atom  or  radical  with  its 
termination  changed  to  id*  or  ide  in  binaries,  and  to 
ite  or  ate  in  ternaries  :  ite  denoting  the  lower,  and 
ate  the  higher  equivalence  of  the  negative  atom. 


FJCAMPLES. 

Na  CI      ^  Sodiom  Cblorid  or  Chloride,  —  biuary, 
Na  NO,  ^       "         Nitrite,  —  ternary. 

N»  NOg  =       ••        Nitrtlc,  —       " 

Ba  0|     =  Barium  Cblorid  or  OxlorJde,  —  binary. 
Ca  Ufj     ==  Calcium  Bromid  or  Kromide^  —      " 
Ba  Sl>g   =  Barium  Salphite,  —  ternary. 

B«  S<),   =       "        Sulphate,  —      " 

A»  will  be  seen  on  inspection,  the  equivalence  of  the  negative 
ilutn  is  indicated  by  the  coniparalive  amounts  of  uxygen 
rhich  it  holds.  Compare  BaSO^,  and  UaSO, ;  al;;©  NaNO,  and 
faNO,.  In  comp<:iunds  like  the  following — SnCl,,  SnClj,  CuCI,, 
,CI^  HgCl^,  Hg,Cl,»  l,''cCl,and  t'eiCla-^wherc  there  are  more 


*T1m  &wI  r,  in  ihe  si>clling  of  the  names  of  the  t)iii.-tTy  compounds,  U 
[ttWJUUaeBdtd  to  br  dro|>{>ed  by  (he  rules  of  the  AmrrJcaji  Association  for  Ihe 
A'ltancement  of  Science.      I'or  these  rule»,  see  Ap|icndix.     Tlje  reasons  for 
|cuiiuti|£  tbc  uubli&hcd  spelling  in  tbi&  edition  will  tjc  fouml  in  the  rieCace. 


^^^^H 

■^^^^^^^^^1 

^H 
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^^^^^^H 

^^^K              I  BaO.H, 

25  Fe,(Cr<3J, 

48  PbCL                ^^^1 

49  ^^H 

^^^^B                2 

26  AI,,^OH), 

^^H              3 

27  KCy 

50  ^^H 

51  Aud.           ^^H 

^^^m       4 

28  ZnO 

^^^m       5 

29  SrCOj 

52                     ^^^H 

^^H                   !'>-.(  ^U,), 

30  Sr(NU,), 

53  KyMiiO^            ^^^H 

^^H                7 

31    BaCI, 

54                             ^^H 

^^^B                8  (NH,)C1 
^^K               9 

32  NH.NO, 

Zl  (Nll,),CO, 

55  MnSO,               ^^H 

56  PbSO,                ^^H 

^^B            lo 

34  KNa.'!>04 

57  Cu{C,H,0,),       ^^H 

^^^H           11  I'bCrO. 

35  NalICO, 

36  CVPO/, 

37  Ca(mjl,), 

58  Ca(C,H,0,J.              H 

^^^B                12 

59  Ca(OU),                    H 

^^H            >3 

60  Fe,(C,H,0.).             H 

^^^H           14 

38  NaClU 

61  Na(C.H.O,)              ^1 
63  Na  C,H^O,                 H 

^^^H            ts  Cii,l-eCy« 

39  BiA 

^^H           16 

400, 

63  K,Mn,O.KMnO.        H 

^^^H           1$  NH^MgPO, 

41  KCIO 

42  I%OtC,H,0,), 

(U.  s.  p.)             ■ 
64  kAo,                 ■ 

^^^^H           19 

43  AgCl 

^1  ffi"'^^'     ■ 

^^^H         30 

44  AgBr 

^^^^1           21  HiONO, 

45  NaK 

67  ca(c,n,o.)           H 

^^H           32  Fe,(Fc,Cyj,} 

46  Nal 

68  N\(C:.H,Oj)               ■ 

^^^H           23  K(CN)S 

47  KBr 

69  Na,AsO,             ^^^1 

^^H        24 

70  Na,AsOj.            ^^^H 

^^^^^       I  Barium  Hydroxide. 

34  Potasiuni  Ctiromate. 

47  Potassium  Bromide.' ^^^^B 

^^H               2  CaJciuin  C3jiylate. 

25   I'ernc  I  hroniate. 

48  Lead  Chloride.                  ^H 

^^H              3  BiMnuth  Cbloridc. 

26  Aluminic  Hydroxide 

t  49  I'erric  Chloride.              ^H 

^^H             4  Sodium  Carbonate, 

or  Hydrate. 

50  Platinic  Chloride.           ^H 

^^H               5   Magnesium  Sulphate. 

.  27  Potassium  Cyanide. 

51   Gold  Chloride.                ^H 

^^H             6  Ferric  Sulphate. 

28  Zinc  Oxide. 

52  Manganic  Oxide.             ^H 

^^H              7  Silver  Nitrate. 

29  Strontium  Carbonate, 

,  53  Potassium  Manganatc.    ^H 

^^H              8  Ammonium  Chloride. 

30  Strontium  Nitrate. 

54  Barium  Nitrate.                 ^H 

^^H             9  Hydrogen  Nitrate. 

31   Barium  Chloride. 

55  Manganese  Sulphate.     ^H 

^^H                       (NiUic  Acid.} 

32  Ammon.  Nitrate. 

56  Lcud  Sulphate.                ^^| 

^^H            10  Mcrcurous  Chloride. 

^l  Ammon.  Carbonate. 

57  Con|>cr  Acetate.               ^^| 

58  Calcium  Acetale.            ^^ 

^^H            IK  Lead  Chromate. 

34  Potassium    Sod.  Sul- 

^^H           12  Potauiuin  Iodide. 

phate. 

59  Calcium  Hypochlorite.            1 

^^H            13  Potassium  Oxtdr. 

35  Hydrogen  Sodium 

60  Ferric  Acetate.                    ^J 

^^H           14  Arsenious  Oxide. 

Carbonalc. 

61  Sodium  Salicylate.          ^^| 

^^H            15  Copper  Ferrocyanjde, 

,  36  Tri-Calcrum  Phos- 

62 Sodium  Bcnsoate.            ^^| 

^^H           X6  Amrooniuin  Sulphide. 

phate. 
37  Calcium    Hypophos- 

63  Potassium     Permon*      ^H 

^^H           t7  Arseaious  Sulpliide. 

ganale.                         ^H 

^^H            18  Ammon.  .Magnesium 

phite. 

64  Acid  Potassium  Chro.      ^H 

^^P                     Fhnsphme. 

38  Sodium  Hypochlorite. 

male.     (Potauium      ^H 

^^B           29  Acid    rutj,s>iuiu  Cor- 

39  Bismuth  Oxide. 

Bichromate. )                 ^H 

^^H                        iKin.ilc,  or  Tolas.  Hi 

i-40  Oxygen.                                                                                   ^^ 

65  Ammonium  Oxalate.        ^H 

^^H                       corbcMiaie. 

4t   Potassium  PcrchIomte,66  Calcium  Sulphite.           ^^| 

^^H            20  Antmiuuous  Chloride. 

42  Basic  Plumbic  Acetate 

>.67  Cnlcium   Tanrate,           ^H 

^^H           ai   Biunulh  Oxy  Dilrate. 

43  Silver  Chloride. 

68  Sodium  Malale.              ^H 

^^H           33  Ferrotu  Ferricvanide. 

44  Silver  Bromide. 

69  Sodium  Arsetiile.            ^^| 

^^^L          33  Potassium  Sulphixya- 

45  Sodium  Fluoride. 

70  Sodium  Antcnote.           ^^| 

^^^^H 

46  Sodium  Iodide. 

^^ 

NOUENCLATURE. 

[rregularities  in  Nomenclature. — In  many  medical  and 
iiaceuiical  works,  the  o!d  style  of  mnking  the  negative 
precede  the  positive,  with  the  preposition  of  between  them,  is 
stilt  used.  In  this  case  per  is  used  instead  of  ic  or  ate,  and 
proto  instead  of  itc  or  ous.  These  irregularities  are  becoming 
ob^lcte. 


EXAMPLES. 


HgCl, 
HgO, 


hEW  NAMK. 

Stannous  Chloride  or 

Sianriic  '*         or 

Keriic  "         or 

**      Sulphate      or 

•*      Oxide  or 

MercuroTi!!  Iodide  or 

"       Chloride  or 

Mercuric  chloride  or 

"         oxide       or 

Mercurous  oxide    or 


OLD  NAME. 


Pmlochloridc  of  tin. 

Herchloride  of  tin, 

Perchloride  of  iron. 

Persulphate  of  iron. 

Per-  or  Scsquioxide  of  iron. 

Protiodide  of  mercury. 

PnMochloride,  mild  chloride,  or  ca.l< 

omel. 
fiichloride,  corrosive  sublioute. 
Red  oxide  of  mercury. 
Black  oxide  of    *• 
Prxkoxidc  of        " 


The  proto-sahs  of  iron  are  the  ferrous  salts,  while  the  per- 
salts  are  the  ferric  salts. 

The  names  of  the  oxides  of  the  alkaline  metals,  the  earths,  and 
the  alkaline  earths  are  sometimes  named  as  follows: — 


A1,0,  Alumina, 
MgO  Ma^pie-sia. 
BftO    Baryta. 
SiO    SliuDCia. 


CaO      Lime. 

K,0      Potassa  or  Potash. 

Na,0    Soda. 


Some  writers  name  those  oxides  of  the  non-metallic  elements 
which  dissolve  in  water  to  form  acids,  as  though  they  were 
formed  from  the  acids  by  abstracting  one  or  more  molecules  of 
water. 


ThuA  so, 

IS  named 

Sulphurous 

Anhydride. 

CO, 

1* 

Cartxinic 

" 

N.U, 

»« 

Nlmms 

u 

NA 

(• 

Nitric 

•• 

PA 

*• 

Phosphoric 

u 

For,  SO,     4-  HjO   =  11^^,    =  Sulphurous  Acid. 
a>,    -{-  R,0   =  H.COb    =  Carbonic     " 
N,Oi  +  II,M    —  jIINOj,  -  Nitric 
P»Oj  -i-  3H,0  =  211, PO,  »  Himphoric  *' 
SO.    i-  H/J    3»II,SO,    =Sulpl.unc    " 


HgC 
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It  is  a  common  custom  with  some  aulliors  to  use  the  numerals 
di,  tri  or  ter^  tetra  and  penta,  to  indicate  the  number  of  atoms 
of  the  element  to  whose  name  the  numeral  is  prefixed. 

NKW  NAME. 

Thus; — FcS,    Ferric  Disulphidc    or  Bisulphide  of  Iron. 
Kc^Si    Diferrous  Sulphide  or  Sulphide  of  Iron. 
FcjSj  Ferric  Sulphide        or  Scsqui sulphide  of  Iron. 
FeS     Ferrous  Sulphide     or  Proiosulphidc  of  Iron. 
CO,    Carbon  Dioxide        or  Carbonic  Add. 
I*Clj    Phosphorus  Trichloride. 
PCIj  "  I'enlachloride. 

JI,  Mercuric  Dichloride  or  Bichloride  of  Mercury, 


A  few  compounds  are  known  by  names  which  do  not  express 
their  composition. 

Thus; — HjN  Ammouiii. 

CN     Cyanogen  (symbol  Cy). 
IljSb  AntimoniureLted  Mydrogenor  Stibin, 

or  Arsin. 
H^S   Sulphuretted 
H,P  Phosphoretlcd 
H,C    Light  Carburetted 
HjC,  Heavy  Carbureued 


or  Hydrosulphuric  Acid, 
or  Phoiphiii. 
or  Marsh  Gas. 
or  Ok'tiant  Ga.s. 


A  glossary  of  obsolete  and  popular  names,  and  those  of  some 
chemical  com]jounds  only  occasionally  met  withj  will  be  found 
in  the  Appendix. 

Chemical  Reactions  and  Equations.  — All  material 
bodies,  under  certain  conditions,  may  undergo  marked  changes 
in  pro|>erties.  As  the  phjsical  properties  of  bodies  depend  upon 
the  properties  of  their  molecules,  any  great  change  in  these 
properties  must  depend  upon  a  corresponding  change  in  the 
molecules.  In  a  houiogeneous  mass  of  matter,  all  molecules  are 
alike;  and  any  chemical  change  which  we  are  able  to  produce 
in  one  molecule  ofsuth  a  mass,  may,  with  certainty,  be  produced 
in  all.  Hence,  by  representing  the  changes  which  take  place 
between  two  dissimilar  molecules,  we  do,  in  reality,  represent 
the  changes  taking  place  between  the  masses  of  which  these 
molecules  form  a  part.  It  is  upon  this  principle  that  we  repre- 
sent chemical  changes  to  the  eye.  When  two  substances,  on 
being  brought  together,  act  upon  each  other,  the  mutual  action 
between  them  is  called  a  reaction. 

A  body  which  is  added  to  another  to  cause  such  a  change,  is 
called  a  reagent.     When  a  jet  of  coat  gas  is  burned  in  the  air, 
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reagents  are  the  gas  and  the  oxygen  of  the  air.  Tlie  results 
oi  tiie  reaction  are  light  and  heat.  The  products  oi'  ttie  reac- 
tion are  the  watery  va(>or  and  carbon  dioxide  which  are  pro- 
duced. The  factors  entering  into  the  reaction  are  oxygen  and 
the  corajjounds  which  com|>ose  the  gas. 

While  all  material  molecules  are  mure  or  less  liable  to  undergo 
chemical  change  by  the  action  of  external  agencies,  some 
do  so  very  readily,  while  others  resist  such  change  with  con- 
siderable force.  Cheraicat  reactions  are  favored  by  anything 
that  lessens  cohesion,  or  favors  the  free  movement  of  the  mole- 
cules;  as  solution,  pulverization,  trituration,  heat,  light,  and 
electricity. 

Reaction  between  solids  is  always  slow,  and,  in  many  cases, 
entirely  wanting.  If  the  solids  are  brought  together  in  solution, 
the  reaction  takes  place  with  readiness:  if  volatilized,  still  more 
readily.  Reactions  between  gases,  usually  take  place  almost  in- 
stantaneously throughout  the  mass,  and,  in  many  cases,  with  an 
explosion.  Heat  usually  favors  chemical  action,  and  cold  retards 
it.  Light  favors  many  kinds  of  chemical  change,  but  does  not 
affect  all.  Reactions,  in  the  lalx)ratory,  are  generally  conducted 
in  solutions.  When  the  bodies  are  soluble  in  water,  that  liquid 
is  generally  selected  ;  if  not,  some  other  solvent,  such  as  ether, 
alcohol,  chloroform,  etc.,  is  employed. 

When  two  or  more  substances  are  brought  together  in  solution, 
the  action  that  will  take  place  depends  largely  upon  the  follow- 
ing conditions,  first  formulated  by  Berthollel,  and  usually  known 
as  the  Laws  of  Berthollet :  — 

tst.  When  two  or  more  sul)stanccs  are  brought  together  in 
solution,  if  by  any  rearrangement  of  tlie  atoms  a  product  can  be 
formed  which  is  insoluble  in  the  liquid  present,  tliat  substance 
will  form  and  se|iarate  as  a  precipitate. 

3d.  When  two  substances  are  brought  together  in  solution, 
if  a  gaseous  body  or  one  volatile  of  the  temperature  of  the 
experiment,  can  form,  it  will  form  and  escape  as  a  gas  or 
vapor. 


Illustration.  BoG,  4-  Na,SO,  =  ?  By  a  rearrangement  of  these  atoms, 
BCcotilliig  to  the  principles  stated  in  preceding  articles,  there  can  only  form 
n»Si  \  and  2NaCl.  The  lallcr  of  these  is  soluble  in  water,  while  the  fofiner 
bno(;  bcncr,  BaSO,  will  always  separate  from  this  mixture. 

Zn  ;  '*l*'l  =  ?-n*-'lj  +  ^^r  H'"f^t  ^  changing  the  places  of  the  two 
pOMives,  hydrogen  is  set  free,  and  escapes. 


Tbc  above  laws  apply  to  insoluble  or  volatile  substances  only. 
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When  two  acids  in  solution  are  made  to  act  upon  one  base, 
or  two  bases  tii^on  one  acid,  to  produce  soluble  non-volatile  sub- 
stances, the  base  in  the  firsE  instance  divides  itself  l>etween  the 
two  acids,  or  in  the  second  instance  the  acid  is  divided  between 
ihe  two  bases.  That  is,  il"  a  solution  of  sodium  hydroxide  be 
treated  with  an  excess  of  niiric  and  hydrochloric  acids,  both 
sodium  nitrate  and  chloride  are  produced;  or  if  sulphuric  acid 
l>e  treated  with  a  mixture  of  sodium  and  potassium  hydroxides 
more  than  sufiicient  lo  saturate  the  acid,  buth  suli^hates  are  pro- 
duced. The  quantities  of  each  salt  produced  will  depend  upon 
the  relative  quantities  of  the  two  acids  or  two  bases  present,  and  ■ 
the  relative  affinities  between  the  acids  and  bases.  ■ 

In  diluted  solutions  of  the  above  compounds,  nitric  and  hydro- 
chloric acids  were  found  to  be  the  strongest  of  the  mineral  acids,  ■ 
while  hydrobromic,  hydriodic,  sulphuric,  phosphoric,  oxalic,  | 
and  acetic  acids  follow  in  the  order  named.  The  avidity  of 
niiric  and  hydrochloric  acids  for  sodium  was  found  to  be  twice 
that  of  sul[»huric  acid,  or,  when  sodium  sulphate  is  treated  with 
excess  of  nitric  acid,  the  following  reaction  takes  place;  — 

aNajSO^  -f-  4HNO,  =  NtjSO^  4-  2NaNOj  f  H^O^  -f-  aHNOj. 

As  matter  is  indestructible,  it  follows  that  there  can  be  neither 
loss  nor  gain  in  the  weight  of  the  matter  taking  part  in  a  reac- 
tion. The  sum  of  the  weights  of  the  factors  entering  into  a 
reaction,  must,  therefore,  be  equal  to  the  sum  of  the  weights  of 
the  products  coming  from  it.  Hence,  if  we  place  the  sum  of 
the  formulsE  of  the  factors  equal  to  the  sum  of  the  formula;  of 
the  products  of  any  reaction,  it  must  always  form  a  true  equation. 
In  writing  out  representations  of  chemical  reactions,  the  student 
should  remember  the  following  rules: — 

ist.  Positives  combine  with  negatives  and  not  with  posi- 
tives. 

2d.  Every  member  of  the  equation  must  represent  a  whole 
molecule,  or  a  number  of  molecules. 

3d.  The  ecpiivalences  of  the  atoms  and  radicals  must  all  be 
saturated  according  to  the  rules  laid  down  under  equivalence. 

4th.  An  acid  and  a  base  cannot  exist  in  the  same  solution. 
They  are  incomi)atiblcs,  and  neutralize  each  other. 

5th.  The  strongest  acids  generally  select  the  strongest  bases, 
except  in  cases  where  this  is  modified  by  Berthollet's  laws.   Com-     _ 
pound  radicals,  as  a  rule,  remain  as  such  in  the  products.  ■ 

To  write  chemical  equations,  place  the  formulae  of  the     ■ 
factors  connected  by  a  plus  sign,  equal  to  the  formuloe   of  the 
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products,  also  connected  by  a  plus  sign.  Now  take  such  a  num- 
ber of  molecules  as  factors  that  only  whole  molecules  can  be  pro- 
duced in  the  products. 

L EXAMPLES. 


-f  — 
A5N0, 

SUver 

Nimtc 


+  — 
+  Na  a  =  (?) 

Sorliiim 
Chluridc 


Wc  fine  determine  which  are  {xisiiive  an<:L  which  are  negative  radicals.  The 
melals  are  positive,  and  the  non-metallic  radicals  are  negative,  as  indicated 
by  the  signs  above  the  symbols. 

We  next  cause  the  positive  radicals  to  exchange  places,  whence  we  have 
Ag  CI  and  Na  NO,. 

On  referring  to  the  table  of  equi  valences  (|>age  9I ),  we  find  all  these  radicals 
10  be  monad,  and  therefore  chemical  equivalents. 

The  completed  erjuation  will,  therefore,  be  : — 

AgNO,    4.     NaCI     =     A5CI     -t-     NaNOj. 
Sitvtr  Sodium  Silver  Sodium 

Nliraie.  Chlofide.  Cbloridc.  Nitnte. 


EXAMPLES    FOR   PRACTICE. 

Cenplete  the  following: — 

1.  2Ag{N'0,)4-  H,S=:? 

2.  Pb(NO,), -I-  H^  = 

3.  H,(S<J.)-|-CaO,H,= 

4.  Kl  +  Ag  NO,  = 

5.  FeCL  4-  2KOH  — 

6.  Fe,  CI,  -f  6KOH  =: 

7.  Ni  tNO,)j  -f-  Na^S  = 

8.  MgS<^>4  +  2(NHjOH^ 

9.  Ha  CI,  4-  Na,  SO,  = 

10.  Hi  CI,  ^  HjO  =  Bi  OCl  -I-  ? 

11.  Ph(C,fI,0,)-+  H,SO,  = 

12.  ba  CI,  -f  (SHX  CiO,  = 

13.  Na,  CO,+  2HCI  s 

14.  Cu  SO,  +  2No()ll  — 

15.  Mg,(NO,),  f  2NaCl  = 

16.  Mg  SO,  -f  n  Na,F04  +  NHjOH= 

Stochiometry. — Chemical  s>Tnbolsrepresentdefinite  weights, 
or  atomic  weights.  Cheinicai  formulic,  therefore,  enable  iis  to 
calculate  the  percentage  of  any  ingredient  in  the  comi>ounds 
ihey  represent ;  or,  from  chemical  e<iuations,  we  may  calculate 
the  weight  of  any  substance  required  by  any  given  process,  or 
the  exact  amounts  evolved  by  it. 

These  calcuhtions  are  all  based  upon  the  atomic  weights. 
Molecular  weights  are  derived  from  the  atomic  weights. 
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T\\e  mulecular  weight  of  calcium  carbonate,  Cn  CO,,  w 

(C  =  12)  4-  (O,  =  48)  -I-  (Ca  =  40)  =  100.     (See  Table,  page  80.) 

On  inspection,  we  ace  that  j^^  of  Ihc  whole  quanlily  U  calcium,  ^g  carbon, 
»nd  jVo  oxygen. 

Lcl  it  l>c  desired  to  calculate  the  quantity  of  hydrogen  in  one  pan  of  water; 
fnrmula  H,() 

;H,  =  2)+(0=i6)  =  i8. 
Hydrogen,  JJ  ^=  Oxygen. 

Staled  in  the  form  of  a  proportion,  this  would  be  18  :  3  :  :  I  :  -A  ^  ^. 
In  this  prujiortioi),  the  fuurth  term  mu»t  hear  tbc  sonic  relation  to  tlie  tuird  that 
the  second  does  to  tbc  first.    - 

W'liat  is  the  per  cenL  of  calcium  aDd  oxygen  in  CaCO^? 

The  first  problem  would  be  stated  as  follows : — 

CaCO,  :  Ca  :  :  1  :  X 

100    :   40  :  :  I  :  X  =  ^*^g  =  .40  or  40  per  cent. 

In  other  wards,  calcium  carbonate  contains  40  per  cenl.  of  calcium.  The 
same  calculation  may  be  made  for  oxygen,  as  follows: — 

CaCO,  :  O,  :  :    I   :  X 

100    :  4K  :  :   I   :  x  ^  .48  or  48  per  cent. 

If,  instead  of  one  jiart,  we  desire  the  amount  in  ten  parts,  we  sulnlilule  10 
for  one  in  the  third  terni   of  the  equation,  thus:   100  :4s::   lo  :  4,8  parts. 

The  fourth  term  of  such  an  equation  will  always  be  of  the  same  denomina- 
tion as  the  third. 

From  the  above,  we  easily  deduce  the  following  rule  for  the 
statenieiu  of  such  problems:  As  the  formula  of  the  sub- 
stance given  is  to  the  formula  of  the  substance  required, 
so  is  the  weight  of  the  substance  given  to  x,  the  weight 
of  the  substance  required.  Reduce  the  formulae  to 
their  numerical  equivalents,  and  find  the  value  of  x. 

When  three  lerias  of  an  eijiiaiion  are  given,  the  fourth  may  be 
found  by  multiplying  the  two  means  (second  and  third  terms), 
and  dividing  the  product  by  the  given  extreme. 

In  calculating  the  per  cent,  ol  any  ingredient,  by  the  above 
rule,  the  weight  given  is  imderstood  to  be  100.  Per  cent,  is 
parts  per  hundred. 

(calculations  based  upon  a  reaction  may  be  illustrated  as 
follows: — 

Problem.— How  much  sulphate  of  2tnc  can  be  prepared  from  10  grammes  of 
due? 

Reaction.— Zq  ^-  n,SO,  =  ZnSO,  +  H, 
Statement.  ^Zn  ;  ZnSO^  :  :   10  :  x 
Numerical  statement. — 65  :  (65  ^  32  ^  64  —  161)  :  :  lo  :  x 
Solution. — Ibi  X  1°  =  '610 

1610  -1.  65  ^  34*S,  An«.  in  grammes. 
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Problem. — How  much   NaNO,   will  be  rcquiied  to  make  one   pound   of 
HNO,? 

EquttUoo.— NaNO,  -f  H,SO,  =N.H  SO^  -j    \l  NO,. 

The  ooly  (enns  of  this  equatioD  conceroed  iu  the  problem  are  Na  NO^  and 
HNO,;  the  Utter  being  the  substance  given. 

Statement. — UNO,   :  NaNOj  :  :    I  :  x  puuads, 
^^.      Numerical  stateracot. — 63  :  85  :  :  1   :  x 
^B  Solntioo.— 1  X  ^5  =  S3 

^^L  85  -^  6j  =  t.35  pounds  of  Na  NO|. 


EXAMPLES   FOR    PRACTICE, 


I.  How  much  Fc  SO,  can  be  made  from  one  kilr^ramme  of  iron  ? 
3.  How  much  mercury  will  be  required  to  make  ooe  pound  of  calomel; 

(Hg,Cl,)? 

3.  Calculnte  the  per  cent,  of  each  element  in  the  following:  KBr  KI, 
HgCL.  Fe,CI.. 

4.  How  much  silver  oiCrate  can  be  obtained  from  100  grammes  of  Mlver? 

5.  What  is  the  volume  of  one  kilogramme  of  CC>,,  under  standard  condi- 
tions? 

6.  Calculate  the  weight  of  one  litre  of  chlorine. 

7.  How  much  bismuth  will  be  necessary  to  prepare  one  kilo,  of  subnilrate  ? 

8.  Calculate  the  percentage  composition  of  C«H],Og. 

9.  WbaC  quantity  of  sodium  carbonate  will  be  required  to  netilrali/e  5  c.c* 
of  a  10  %  UCl,? 

2  Ha.4-  NsCO,  =  aNaCI  -f  H,0  +  CO,. 

10.  Wliat  weight  and  what  volume  of  CO,  will  be  given  off  in  the  above 
reaction  ? 

II.  Assuming  that  air  contains  20  per  cent,  by  volume  of  oxygen,  what  vol- 
ume of  air  will  be  required  lo  bum  I  gramme  of  marsh  gas  (CH^)  ? 
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INORGANIC   CHEMISTRY. 

Classification  of  the  Elements. — For  convenience  of 
study,  some  system  of  classification  of  the  elements  is  necessary. 
Many  systems  of  classification  have  been  proposed,  but  all  are 
open  to  criticism;  yet.  we  may  adopt  one  of  these  with  the  un- 
derstanding that  the  classification  is  largely  an  arbitrary  one,  and 
serves  merely  lor  convenience.  Iterzelius  was  the  first  to  divide 
the  elements  into  two  great  classes,  to  which  he  gave  the  names 
metals  and  metalloids.  The  metals  are  those  elements  which 
possess  more  or  less  lustre  and  opacity,  readily  conduct  heat  and 
electricity,  and  are  electro-positive  in  combinations. 

The  non-metals,  or  metalloids,  are  such  as  are  gaseous;  or,  if 
solid,  have  no  lustre,  ductility,  or  malleability,  are  poor  con- 
ductors of  heat  and  electricity,  and  are  electro-negative  in 
combinations. 

This  division,  while  it  serves  a  general  purpose,  is  not  capable 
of  exact  application;  for  there  area  number  of  the  elements 
which  are  positive  in  one  combination  and  negative  in  an- 
other. Iodine  and  arsenic,  which  most  chemists  regard  as  metal- 
loids, have  a  decided  lustre,  and  the  latter  forms  alloys  by  fusion 
with  the  metals;  indeed,  there  is  no  line  of  demarcation,  be- 
tween these  two  classes,  which  can  be  regarded  as  fixed. 

Some  classification  is  necessary,  which  is  not  based  upon  the 
physical  properties  alone,  but  upon  their  chemical  properties;  a 
classification  which  brings  together  those  elements  which  have 
similar  chemical  properties,  and  similar  com[>ounds  with  other 
elements;  thus  enabling  the  student  to  better  associate  the  facts 
of  each  in  his  mind. 

There  are  two  important  chemical  characters  upon  which  most 
attempts  at  classification  of  the  elements  into  groups  have  been 
based  ;  viz.  :  Equivalence  and  electrical  polarity  of  the  atoms. 
By  a  consideration  of  both  of  these  properties,  the  elements  may 
be  gronjKjd  so  as  to  bring  similar  elements  together. 
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The  behavior  of  the  oxides  o(  the  elements  with  water  may  be 
taken  as  an  index  of  their  polarity.  Electro-negatives  dissolve 
in  water  and  form  acids,  while  electro  positives  form  bases,  and 
some  again  play  a  neutral  or  double  role. 

The  most  successful  attempt  to  find  a  natural  system  of  classi- 
fication of  the  elements  is  the  one  first  pro|x)sed  by  Newlands 
and  afterward  develo|>ed  by  MendelejefT,  and  is  the  only  natural 
one  in  use.  It  is  based  upon  the  atomic  weights,  and  is  some- 
times known  as  the  periodic  law.  If  a  list  of  the  elements  be 
made,  arranging  them  in  the  order  of  their  atomic  weights,  from 
the  lowest  to  the  highest,  the  first  seven  (after  hydrogen)  will  l>e 
found  to  be  representative  of  seven  groups  of  similar  elements. 
(See  Table,  page  io8.)  Let  each  of  these  seven  elements  head  a 
column,  and  arrange  the  rest  under  them  in  the  order  of  tlieir 
atomic  weights,  in  lines  from  left  to  right.  We  notice  that  those 
elements  resembling  one  another  in  their  chemical  properties 
will  be  found  together  in  the  vertical  columns.  It  will  be 
noticed  that  ihc  metals  are  near  the  bottom  of  the  table,  while 
the  non-metals  are  at  the  top.  In  MendelejefTs  original  table 
there  were  seven  vertical  columns  which  are  called  the  seven 
grou[is.  There  are  twelve  lateral  rows  which  are  called  series,  or 
small  periods.  If  these  lateral  rows  or  series  be  numbered, 
it  will  be  noticed  that  the  member-i  of  the  alternate  numbered 
series  of  a  given  period  resemble  one  another  more  nearly  than 
the  adjoining  numbered  ones.  Thus,  in  the  first  group  :  Li  =  7, 
K  --  39,  Rb  ^  85.  Cs  ^^  133,  resemble  one  another  more  nearly 
than  Na,  Cu,  Ag,  Au.  It  will  be  noticed  that  hydrogen  is 
arranged  in  the  first  period  as  the  only  one  of  that  i>eriod.  The 
table  is  imperfect  in  some  cases,  but  in  the  main  it  brings 
together  elements  which  form  well-defined  natural  groups.  As 
an  example  of  such  a  group,  take  Nos.  2,  3,  5  and  7  of  Group 
VIL  With  the  increase  of  atomic  weight  they  increase  in 
specific  gravity  and  consistency.  Of  the  group,  fluorine  is 
strongly  electro-negative,  whjle  chlorine,  bromine  and  iodine 
grow  more  |x>siiive  as  the  atomic  weight  inr.rea^s.  They  all 
form  acid  hydrides  containing  one  atom  of  basic  liydrogen. 
l*hey  all  [>ossess  a  p.'culiar  and  somewhat  similar  pungent  odor. 
They  all  have  the  leading  equivalence  of  one,  while  the  three 
last  have  a  higher  equivalence  in  certain  oxygen  comi>ounds. 

While  there  are  certain  striking  grou[)s  brought  together  by 
ihU  arrangemenl,  there  are  some  irregularities.  Tims,  there  is 
no  series  in  which  hydrogen  finds  a  place.  In  making  this 
clement  a  period  by  i  self,  the  last  four  members  of  the  second 
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\ 

h  re-H 
most  ^^ 


period^  C,  N,  O,  and  F,  are  made  even-numbered,  which 
moves  them  from  the  others  of  the  same  group  which  they 
nearly  resemble.  Even  with  these  imperfections,  the  table  is  an 
attempt  to  classify  the  elements ^ipon  some  natural  basis,  and  has 
enabled  its  author  to  predict  the  discovery  of  at  least  three  new 
elements,  viz. :  gallium,  scandium,  and  germanium,  and  describe 
their  properties,  years  before  they  were  discovered.  This  he  was 
led  to  do  from  the  vacant  places  in  the  table. 

As  hydrogen  stands  alone  iu  the  table,  we  shall  study  it  fiist. 
Argon,  the  new  element  found  in  the  atmosphere,  lias  not  been 
studied  sufficiently  to  admit  of  classification,  and  is  therefore 
introduced  provisionally  in  Group  VI 11,  It  will  be  convenient 
to  retain  the  classification  into  metals  and  non-metals.  The 
non-metals  will  be  studied  firet,  beginning  with  those  of  the 
seventh  groups  and  taking  the  odd-numl>ered  series  below  the 
second.  The  order  in  which  the  elements  will  be  studied  is 
tlie  follow^ing,  with  the  omission  of  those  whose  symbols  are  in 
italics,  as  being  of  little  interest  to  the  medical  student; — 

NON-UETALUC  KLKUINTS  OR   OOO  SUtlES, 

H      A 
SeT«mh  Group F. 


Sixth 

Fifth 
Fourth 


Second 

Thini 

Fourth 

>ifib 

Sixth 

Seveoih 

Eighlh 


O, 

N. 
C. 


a 
s. 
p. 

Si. 


Br. 
Se. 
As. 


I. 
7>. 
Sb. 

Sn* 


Bi. 


METALS. 

f  Li.    No.   K.  Rb.     Cs. 

'  \  Cu.    Ag.    Au. 

J  /ff.  Ca.    Sr.  Bt. 

"  \  Mk.  Zn.    Cd.  Hg. 

r  Bt   Sr.     YL  Ln.     Yh, 

•  \  AI.    Ga.    In.  E.       Tt, 

,    .  71.    Zr,    Ct.  7k. 

,    .  y.      m.   Di.  Ta. 

.    .  Cr.     Mo.  W.  a. 

.   .  Mn. 

,   .  Fe.    Co.    Ni.  Ro.    Pd.  Os.  Ir. 


4 


*  These  elements,  although  dossed  in  the  series  with  Don-metak,  ore  gtn* 
frslljr  regarded  as  metals, 
f  Non-metal. 
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GROUP  I. 


HYDROGEN. 

Symbol.   H.  Atomic  Weight,    i.  Molecular  Weight,   a.  Density,   x. 
Weight  of  one  Uttr  =  i  crith  =  .o8g6  gtm.     Equivalence,  one. 

1  grain   ^  46  y  cu.  in.  at  60°  F.  and    30  in.  barometer. 

1  grain    =  ii.lb  Htcr^  at    0°  C,  and  760  mm.  borumctiic  pressure. 

Occurrence, — It  was  discovered  in  1766  by  Cavendish. 
Hydrogen  occurs  in  a  free  state  in  the  gases  from  volcanoes, 
fiimeroles  of  Iceland  and  Tuscany,  and  in  the  atmosphere  of  the 
sun;  in  conibinalion,  it  exists  in  water,  and  in  most  organic  sub- 
stances of  hoih  animal  and  vegetable  origin.  It  is  a  nece<sary 
constituent  of  all  acids,  bases  and  ammoniacal  compounds. 

Preparation. — H)  drogen  may  be  pre|)aretl :  — 

First. —  By  the  decomposition  of  water,  by  a  strong  electric 
current,  which  spHts  the  water  into  hydrogen  and  oxygen;  the 
former  ap])earing  at  the  negative,  and  the  latter*  at  the  positive 
pole. 

Second.— By  decomix>sing  water  by  certain  melals.  When 
sodium  or  jiotassium  is  used,  the  decomposition  takes  place  in 
the  cold  ;  but  with  iron  and  some  other  metals  at  a  red  heat. 


N.+ 

2H,0  = 

1 

2Nan6  -f  H, 

1 

1 

r-^ 

ii,cU 

3FeA  -f  SH, 

Third. — By  the  decomposition  of  the  mineral  acids  with  some 
metal,  as  zinc,  iron,  or  magnesium,  in  this  case,  the  metal  takes 
the  place  of  hydrogen,  which  is  crowded  out  of  the  acid  mole- 
cule. 


Zn4- 


H;50.=  7jiS04+H, 


65  grams  of  jfinc  give  3  grams  =  M.3i  litres  of  hydrogetj. 


HVUROGEN. 

Water  is  added  to  dissolve  the  zinc  sulphate  formed,  and  to- 
prevent  it  from  rr)stalli/ing  on  the  surface  of  the  zinc.      Chemi- 
cally pure  zinc,  however,  will  not  dissolve   in  very  dihite  acid, 
unless  it  \ic  made  one  pole  of  a  galvanic  couple. 

This  method  is  the  one  usually  employed  for  the  preparation  of 
hydrogen  in  the  laboratory.  The  api>ardlus  is  shown  in  Fig.  44. 
The  gas  prepared  from  commercial  zinc  and  acid  is  not  pure, 
however,  as  it  contains  other  gases  derived  from  impurities  in  the 
materials  used.  Pure  hydrogen  in  small  (luantities,  may  be  pre- 
jtared  by  the  first  method,  or  by  decomixjsing  water  with  an  alloy, 
of  sodium  anrl  mercury — sodium  amalgam. 

Properties. — When  pure,  at  ordinary  temperatures  and  pres- 

FlG.    44. 


;=-=  ^ 


ravrAiiATioii  or  hvdiocen. 


si»res,  hydrogen  is  a  colorless,  transparent,  odorless,  tasteless 
gas.  It  is  14^  times  lighter  than  air^  being  the  lightest  gas 
known. 

One  liter  of  it  at  0°  C.  and  760  mm.  pressure,  weighs  .0896 
gnn.  ■=:z  the  crith.  It  is  almost  insoluble  in  alcohol,  and  at  a 
temperature  of — 140*  C  and  under  a  pressure  of  650  atmos- 
pheres, it  has  been  condensed  to  a  steel-blue  liquid.  It  is  the 
best  condm  tor  of  electricity  and  heat  among  the  gases.  It  is 
Tcn'  diffusible,  and  a  vessel  \o  contain  it,  must  be  made  of  glass 
or  some  very  comjwct  material.  Certain  metals  absorb  large 
quantities  of  it.     Palladium  will  absorb  900  times  its  volume  of 
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Fig.  45. 


the  gas:  spong)'  platinum,  sodium,  potassium  and  iron  also 
absorb  considerable  quantities  of  it.  This  action  of  the  metals 
is  called  occlusion.  During  the  condensation  of  the  gas  in  the 
ix)res  of  the  metal,  the  latter  is  heated  to  a  considerable  degree. 
A  jet  of  hydrogen  may  be  ignited  by  directing  it  u\)on  a  ball  of 
finely  divided  platinum,  or  a  ball  of  asbestos,  which  has  been 
dipped  into  a  solution  of  platinum  chloride,  and  heated  in  the 
flame  of  a  lamp. 

Under  ordinary  conditions,  hydrogen  has  little  tendency  lo 
unite  with  the  other  elements,  chlorine  being  the  only  one  with 
which  it  combines  directly,  and  then  only  under  the  influence  of 
light.  At  higher  temperatures  it  unites  with  oxygen,  and  is, 
therefore,  readily  combustible  in  the  air,  burning  with  a  bluish 
and  very  hot  flame.  The  product  of  the  combustion  is  watery 
vapor,  as  may  be  shown  by  inverting  a  jar  over  the  burning  jet, 
and  collecting  the  drops  of  water.  A  given  weight  of  hydrogen 
produces  more  heat  in  burning  than  any 
other  known  combustible.  It  will  not 
maintain  animal  respiration,  but  is  not 
poisonous.  A  lighted  candle  is  extin- 
guished on  being  thrust  into  it,  while  the 
gas  burns  at  the  n\)en  mouth  of  the  jar. 
On  withdrawing  the  candle  it  relights. 
(See  Fig.  45.)  If  hydrogen  and  oxygen 
be  mixed  together  and  a  lighted  ta[)er 
applied  to  them,  an  explosion  lakes 
place.  The  hydrogen  combines  with 
one-half  its  volume  of  oxygen.  In  other 
words,  when  these  gases  combine  they 
do  so  only  in  the  one  proportion.  This 
law  holds  good  with  all  chemical  com- 
binations, and  is  known  as  the  law  of 
definite  proportions.  Hydrogen  lias  so  great  a  tendency  to 
unite  with  oxygen,  at  high  temperatures,  that  it  will  take  it  from 
many  metallic  oxides,  and  leave  the  metal  in  the  free  state. 

This  process  is  called  reduction  or  deoxidation.  It  is  by 
this  process  that  the  reduced  iron  or  Fcrrum  Reductum  of 
pharmacy  is  jtrodured. 

Hydrogen  will  unite  quite  readily  with  some  elements  which  it 
ordinarily  does  not  affect,  if  they  be  put  into  the  flask  ^'here  the 
hydrogen  is  generating.  Arsenic  and  antimony  compounds,  for 
example,  are  split  up,  and  these  elements  unite  with  the  hydrogen. 
Many  oxides  are  reduced,  and  chlorine  is  removed   from   some 


4 
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chlorides,  under  these  circumstances.  The  greater  energy  of  the 
hydrogen,  in  these  cases,  is  explained  by  the  supposition  that  at 
the  moment  of  liberation  of  the  liydrogen  atoms,  and  before 
they  have  combined  into  molecules,  they  are  ready  to  take  up  with 
any  atom  with  which  they  luay  come  in  contact  They  are 
stronger  in  their  affiniiies,  before  combining  with  a  neighlx>ring 
hydrogen  atom,  by  just  the  force  it  will  take  to  decom|X>se  the 
hydrogen  molecule  when  once  formed.  This  condition  of  an 
element  is  known  as  the  nascent  state.  (From  nascere,  to  be 
born).  When  any  chemical  action  takes  place  between  mole- 
cules, there  is  a  considerable  expenditure  of  force  required  to 
break  up  the  combinations  already  formed,  before  new  ones  can 
lie  formed  ;  and  when  these  combinations  do  not  exist,  the  new 
combinations  take  place  with  ease.  Hydrogen  is  one  of  the  con- 
stituents of  the  gases  of  the  stomach  and  intestines,  and  is  fre- 
quently found  in  the  gases  exhaled  from  the  lungs.  Its  physio- 
logical pro{)erties,  if  any,  are  slight. 

In  its  chemical  properties,  hydrogen  resembles  the  metals 
more  than  the  metalloids,  usually  playing  the  positive  role,  and 
forming  salts  in  which  it  occupies  the  place  of  metallic  atoms  in 
similar  compounds.  It  is  easily  substituted  for  or  displaced 
by  them.  On  this  ground,  the  acids  may  be  regarded  as  salts  of 
hydrogen. 

Uses.— The  uses  of  hydrogen  are  limited.  Owing  to  its 
lightness,  it  is  sometimes  used  to  fill  balloons.  The  ascensional 
power,  or  the  lifting  jwwer,  of  one  litre  of  hydrogen  is  1.2036 
grnis.,  and  is  found  by  deducting  its  weight,  .0896  grm.,  from 
the  weight  of  one  litre  of  air,  1-2933  grammes.  The  lifting 
jjowcr  of  one  cubic  fool  is  about  525  grains,  or  one  ounce  and 
55  grains.  Hydrogen  is  also  used  with  oxygen  in  the  oxy-hydro- 
gen  blowpi[>e.     In  the  laboratory,  it  is  used  as  a  reducing  agent. 


ARGON 


A-40 


clement  was  discovered  in  1894  in  the  atmosphere  by 
Lord  Raylcigh  and  Prof.  Ramsay.  The  method  of  sei>aralion 
employed  by  them  was  to  pass  atmospheric  air  through  a  tube 
containing  cop|>ep  turnings  heated  to  redness,  to  remove  oxygen, 
then  through  another  tube  containing  magnesium  heated  to  red- 
ness, to  remove  nitrogen.  The  residual  gas  was  then  passed  over 
beatcd  copper,  copper  oxide,  and  fmally  over  heated  mignesiura 
ip.     This  was  re[)eated  unlil  the  gas  ceased  to  give  up  any  more 
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nitrogen  to  the  magnesium,  whirh  usually  required  about  two  days. 
The  amount  of  argon  found  in  air  wos  a  little  less  than  one  per 
cent.  Whether  this  is  constant  in  air  at  different  places,  cannot 
be  Slated. 

Properties. — Whether  argon,  as  obtained  by  these  experi- 
menters, is  an  clement,  a  mndifiration  of  nitrogen,  or  a  mixture 
of  two  or  more  clemenLs,  has  not  been  definitely  settled.  The 
evidence  thus  far  tends  to  show  tliat  it  is  an  tlemLUt.  and  not  a 
mixture. 

The  element  is  a  colorless,  transparent,  odorless,  tasteless,  inert 
gas,  having  a  density  of  about  20. 

At  atmospheric  pressure  it  li(iuefiesat  — 186.9°  *^i  '^  a  color- 


less liijuid  having  a  specific  gravity  o( 


o 


At  about  — 190°  C. 


it  freezes  to  an  ice-like  solid.  It  is  soluble  in  water  to  the 
extent  of  4.05  volumes  in  100  volumes  at  14°  C.  (57.2"  F.)  being 
two-and-a-half  times  more  soluble  than  nitrogen,  and  of  about  the 
same  solubility  as  oxygen.  Of  its  chemical  properties  nothing 
can  lie  said,  as  all  attempts  thus  far  have  failed  to  cause  it  to  com- 
bine with  any  other  substance. 

The  molecule  is  monatomic,  and  therefore  the  atomic  weight 
is  40. 

Density  X  ^  =  molecular  weight. 

There  are  no  comjxjunds  of  argon  known. 

NON-METALLIC   ELEMENTS  OF  GROUP  VII. 
(Chlorine  Group,  or  Halogens.) 


SYMBOL. 

ATiiMIC  Wttt^MT. 

STATB. 

Fluorine, 

F. 

19 

gas. 

Chlorine, 

CI. 

35  45 

gas. 

Bromine, 

Br. 

79.95 

liquid. 

Iodine. 

I. 

126.85 

solid. 

Tlie  elements  of  this  group  are  electro-negative,  fluorine  being 
most  negative,  and  iodine  least  no.  They  have  a  characteristic, 
pungent  odor,  and  act  as  disinfectants  and  bleachinj^  agents.  They 
enter  into  direct  union  with  many  of  the  metals  to  form  binary 
com]x>unds.  They  form  compounds  with  hydrogen  having  well- 
marked  acid  properties.  They  have  little  affinity  for  oxygen, 
but  form  several  oxacids  and  salts,  all  of  which  are  rather  unsable. 
They  form  the  following  compounds  : — 


HF. 
HCI. 
Hbr. 
HI. 


a,o 


c^o, 
1,0, 


lA 


HCIO 

HCIO, 

HCIO, 

HCIO.. 

HBtO 

— 

HHr<), 

llBiO,. 

HIO 

HIO, 

HIO, 

HIO^. 

PtUORINK. 


]]5 


I 
I 


FLUORINE. 

(FLUOR  IN.) 
D.  =-:  ig.     Sp.  Gr.  x.3.     Equivalence  I. 

Source. — The  sources  of  flourine  compounds  are  native  fluor 
spar — calcium  fluoride — and  crjolilc — a  sodium  and  aluminium 
lluoride. 

Preparation. — By  decomposing  pure,  dry  hydrofluoric  acid 
in  a  U  tube  composed  of  platinum,  by  means  of  a  strong  electric 
current  irom  twenty  or  more  Bunsen  cells.  The  hydrofluoric 
acid  must  be  prepared  with  care,  and  must  be  free  from  water. 
As  hydrofluoric  acid  is  a  non  conductor,  a  small  quantity  of  po- 
tassium hydrogen  fluoride  is  dissolved  in  it  lo  increase  ilsconduc- 
tiviiy.  The  apparatus  is  cooled  to  — 23°  C.  during  the  process. 
The  fluorine  is  liberated  at  the  positive  pole  as  a  colorless,  trans- 
parent, pungent  gas,  having  the  properties  of  chlorine,  but  much 
more  marked.  Silicon,  boron,  arsenic,  antimony,  sulphur,  and 
iodine  take  fire  in  it.  It  instantly  deconiix)ses  cold  water,  form- 
ing hydrogen  fluoride  (HF.;,  and  sets  free  the  oxygen  as  ozone. 
Most  organic  bodies  are  attacked  by  it.  the  hydrogen  being  re- 
moved, but  the  carJKin  remaining  unattacked.  It  combines  with 
hydrogen  with  an  explosion,  even  in  the  dark.  Alcohol,  ether, 
benzene,  tnr|>entine.  and  petroleum  lake  fire  on  being  brought  in 
contact  with  it.  It  attacks  the  metals  slowly,  in  bulk,  but  rapidly 
when  in  [)Owder.  Owing  to  the  action  of  fluorine  on  the  metals 
and  all  glass  articles,  it  can  only  be  prepared  in  vessels  of  plati- 
num or  fluor  spar. 

Hydrogen  Fluoride. — Hydrofluoric  Acid  (HF). — This 
acid  is  obtained  by  the  action  of  sulphuric  acid  upon  powdered 
fluor  s|)ar,  with  the  aid  of  a  gentle  heat. 

CaK,  +  HjSO^  »  CaSO,  +  2HF. 

The  ojieration  is  usually  conducted  in  a  lead  or  platinum 
vessel,  as  the  acid  attacks  glass  and  most  metals.  The  acid  is  a 
colorless,  transparent  gas.  with  a  pungent  odor,  very  irritating  to 
the  skin  and  mucous  membranes.  It  is  readily  sohible  in  water, 
forming  a  colorless,  highly  acid  and  corrosive  li<tuid,  with  a  \n\n- 
geiit  oJor.  Care  must  be  taken,  in  using  it.  not  to  allow  it  to 
come  in  contact  with  the  skin,  as  it  produces  a  painful  ulcer 
which  heals  with  diflficulty,  and  also  constitutional  symptoms  of 
considerable  severity. 
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The  boiling  point  of  the  liquirl  is  between  15**  and  20**  C.  (59 
an*l  68*  F.),  and  it  has  a  s|>ecific  gravity  of  1.060.  The  most 
characteristic  pro]>erty  of  hydrofluoric  acid  is  its  power  of  dis- 
solving glass  by  removing  its  silicon.  This  properly  is  utilized 
for  etching  glass.  The  article  to  be  etched  is  first  coated  with  a 
thin  layer  of  melted  wax  or  paraffin,  and  the  characters  are  then 
scratched  throtigh  the  wax  wiih  a  steel  point,  so  as  to  expose  the 
glass  where  the  etching  is  to  take  place.  If  the  liquid  is  to  be 
iLscd,  a  wall  of  wax  is  built  up  around  the  characters  and  the 
liquid  is  |>oiired  into  the  inclosure.  The  characters  thus  etched 
are  transparent.  It  is  more  common  to  invert  the  glass,  wax 
downward,  upon  a  leaden  diih  containing  the  tluor  spar  and  sul- 
))huric  acid,  and  exfxjse  it  to  the  fumes  until  the  etching  is  as 
deej)  as  desiretj.  The  etchings  in  this  case  are  o|xique,  present- 
ing the  ap|>carance  of  ground  glass,  and  more  easily  seen. 
Fluorine  forms  no  oxides. 


D.  =  35.5.     Sp.  Gr. 


CHLORINE. 

(CHLURIN.) 
CI  -  J^^ 
=  a.47.     Equivalence  I,  III.  V  or  VII, 


Occurrence. — Chlorine  always  occurs  in  combination  in 
nature.  The  chlorides  of  sodium,  potassium,  magnesium  and 
calcium  occur  in  salt  springs.  Usual  source,  sodium  chloride  or 
common  salt. 

Preparation. — By  the  action  of  warm  sulphuric  acid  upon 
sodium  chloride,  in  the  presence  of  manganic  oxide,  contained 
in  a  (lask  as  represented  in  Fig.  46. 

2H,SO^  +  MnO,  +  aNftQ  =  Na^SO.  +  MnSO^  +  aH,0  -f  Cl^ 

Or,  by  acting  upon  manganic  oxide  with  hydrochloric  acid. 

4HCI  4-  MnO,  =  MnCl,  +  2H,0  -f  Cl^ 

For  a  slow  continual  evolution  of  chlorine,  as  for  disinfecting 
pnr|x»ses,  moistened  chloride  of  lime  is  exposed  to  the  air.  The 
calciuui  hy|x}chlorite  is  decomposed  by  the  carlx}n  dioxide  of 
ihc  air,  and  chlorine  is  set  free.  For  a  more  rapid  evolution,  we 
mav  use  the  same  salt  with  a  diluted  acid.  It  may  be  collected 
over  warm  water. 

Properties — Physical.— At  ordinary  temperatures  chlorine 
is  a  greenish  >ellow,  pungent,  sufllocating  gas.     It  is  irrespirable. 


CHLORINE. 


<:ausing,  when  breathed,  infiamination  of  the  air  passages.  It  is 
nearly  two  and  a  half  times  heavier  than  air ;  it  is  soluble  in 
water,  one  volume  of  water  dissolving  nearly  three  volumes  of  the 
gas  at  lo*^  C.  (50*^  K.).  The  solution,  aqua  chlori,  U.  S.  P.,  is 
made  at  this  temperature,  and  contains  0.4  per  cent,  by  weigh! 
of  the  gas.  It  is  a  greenish-yellow  liquid,  possessing  the  proper* 
lies  of  the  gas,  but  slowly  changing,  in  the  light,  into  hydro- 
chloric acid.  It  should  bleach,  but  not  redden  litmus  paper- 
Chlorine  water  should  l>c  kejJt  in  a  dark  place,  as  otherwise^ 
decomposition  takes  place.  The  CI  unites  with  the  H  of  the 
water,  forming  HCl,  and  setting  O  free.     Under  a  pressure  of 


iFiii.  46, 


fbvr  fltraosphcrcs  at  ordinary  temperatures,  or  a  temperature  of 
— 40°  C.  ( — 40^  F.),  the  gas  is  condensed  to  a  dark  yellow  liquid. 
Cbemical  Properties. — The  affinities  of  chlorine  arc  very 
iHOOg  «iid  extensive.  It  is  characterized  by  its  strong  tendency 
tOGomblne  with  hydrogen  and  the  metals,  with  which  it  forms 
chlorides.  It  combines  directly  with  many  elements,  as  finely 
divided  copjjcr,  antimony  or  arsenic,  with  the  evolution  of  light 
and  heat.  Its  attraction  for  hydrogen  is  so  strong  that  when  a 
Diucture  of  these  gases  is  exposed  to  direct  sunlight,  the  light  of 
bwniag  nugnc»ium,  or  the  electric  light,  they  combine  with  an 
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explosion.  It  bums  rapidly  in  an  atmosphere  of  hydrogen,  form^ 
ing  gaseous  hydrochloric  acid,  HCl.  It  is  capable  of  existing  in 
two  allotropic  states ;  the  one  active  and  the  other  passive.  The 
passive  or  inactive  form  is  the  one  obtained  when  the  gas  is  pre- 
pared in  the  dark.  When  prepared  in  daylight  it  is  very  active  in 
its  properties.  When  an  element  is  capable  of  existing  in  two  or 
more  forms,  having  different  pro|>erties,  these  forms  are  called 
allotropic  condttians;  the  property  is  called  allotropism. 

One  of  the  most  marked  chemical  properties  of  chlorine  ii  its 
affinity  for  hydrogen.  So  great  is  this  affinity,  that  many  organic 
compounds  are  sfwntaneously  decomposed  by  it;  the  cldorine 
combining  with  the  hydrogen  of  the  compound  and  setting  the 
carbon  free.  A  iia(>er  wet  with  turpentine  and  plunged  into  a 
jar  of  chlorine,  takes  fire  and  deposits  the  carbon  as  a  dense 
black  clond,  while  fumes  of  HCl  fill  the  jar.  'Die  well-knowa 
bleaching  and  disinfecting  powers  of  chlorine  are  dtie  to  its 
affinity  for  hydrogen.  Most  vegttable  colors,  when  moist,  are 
readily  discharged  by  chlorine.  The  chlorine  combines  wiih  ihc 
hydrogen  of  the  water  and  sets  free  the  oxygen,  which,  in  the 
nascent  condition,  is  a  ijowerfiil  oxidizer,  and  decom]KJses  the 
coloring  agent,  or  organized  germ,  as  the  case  may  be.  In  sijme 
cases  the  chlorine  acts  directly  upon  the  organic  mattcre,  uniting 
with  a  portion  of  their  hydrogen  to  form  HCl,  and  a  portion  of 
it  entering  the  molecule  to  lake  the  place  of  the  hydrogen  re- 
moved. Thus,  with  marsh  gas,  hydrochloric  acid  and  methyl 
chloride  are  produced.     CH,  -f  Ci,  =  CH,CI  -r  HCl. 

Hydrogen  Chloride. —  Hydrochloric  Acid. — Acidum 
Muriaticum.— Acidum  Hydrochloricum,  U.S.  P. — (HCl). 
Hydrochloric  acid  occurs  very  sparingly  m  nature.  It  is  found 
in  volcanic  gases  and  in  the  gastric  juice  of  mammals. 

Preparation. — The  acid  is  usually  prepared  from  sodium 
chloride  or  common  salt,  by  treatment  with  commercial  sul- 
l)huric  acid,  with  the  aid  of  a  gentle  heat. 

The  process  is  sometimes  cond^jcted  as  a  special  process,  but 
a  large  quantity  of  the  acid  is  prepared,  as  a  side  product,  in  the 
preparation  of  sodium  carbonate  by  Leblanc's  process.  The  first 
step  in  this  process  is  to  treat  the  salt  with  sulphuric  acid,  and 
thus  convert  it  into  sodium  sulphate.  The  acid  set  free  by  this 
process  is  collected  and  sold  as  impire  hydrochloric  acid. 


H;504  +  aN»a  =  aHa  -i-  Na^^. 
The  acid  may  be  prepared  in  small  quantity  by  the  direct 
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tiniun  of  evjiial  volumes  of  chlorine  and  hydrogen,  nnder  the  in- 
fluence of  sunlight  or  the  electric  spark. 

Properties. — Hydrochloric  acid  is  a  colorless,  transparent 
gas,  having  a  pungent,  penetrating  odor,  a  sharp,  sour  taste, 
an  acid  reaction,  and  produces  great  irritation  of  any  tissue 
with  which  it  comes  in  contact.  It  is  irrespirable  and  extin- 
guishes a  flame.  It  is  very  soluble  in  water.  One  volume  of 
this  liquid  dissolves  450  volumes  of  the  gas  at  15°  C.  (59°  F.). 
This  solution  forms  the  ordinary  muriatic  acid.  The  s[>ecific 
gravity  of  the  solution  is  1.21,  and  contains  about  32  per  cent, 
of  HCi.     The  sp.  gr.  of  the  gas  (air  »  i)  is  1.364;  the  density 


Fig.  47- 


mSPAftATION  OF  HCI. 


(hydrogen  ==  1)  is  18.25.  Under  a  pressure  of  40  atmospheres, 
at  lo**  C.  (50*  F.),  it  condenses  into  a  colorless,  limpid  liquid, 
having  a  sp.  gr.  of  1.27.  A  strong  solution  in  water  Ivimes 
strongly  in  the  air,  giving  ofl"  a  jiart  of  the  gas.  On  being 
heated  it  gives  off  its  acid  rapidly.  The  commercial  muriatic 
acid  IS  yellow  in  color,  due  to  the  presence  of  ferric  chluriile. 
It  also  contains  other  impurities,  and  is  used  only  for  manufactur 
ing  puri>oses. 
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Tht  cumpotition  of  Uie  acid  msy  be  detennined  by  nrnns  of  the  apparatia 
ihown  in  Fig.  50,  p.  132.  Ihc  apparatus  is  filled  with  (he  strongest,  commer- 
cial acid  mixed  with  ten  volumes  of  n  saturated  solution  of  common  salt  (Na- 
Cl)»  The  binding;  posts  arc  connected  with  a  bnltery  of  two  Punsen  cups,  llie 
chlorine  leparates  at  the  positive  jiole,  and  tJic  hydroRen  at  the  negative  pole. 
The  volumes  of  the  two  pascA  are  equal.  By  the  use  of  the  apparatus  shown 
i"  l''g.  5'»  wc  may  amve  al  the  same  result  by  synthesis.  We  introduce, 
through  the  stopcock  at  the  top  of  the  apparatus,  equal  volumes  of  hydrogen 
an<t  chKmDC.  By  opening  the  stopcock  below,  vvc  draw  ofl  the  mercury  until  the 
height  of  the  column  Uthe  same  iu  both  limbs.  We  connect  the  wires  to  a  battery 
and  induction  coil  arranged  as  in  Fig.  34.  On  passing  the  current,  a  series  of 
sparks  ii  sent  through  the  mixed  gases,  causing  them  lo  combine  with  an 
uplosion.  No  contraction  is  observed.  No  excess  of  either  gas  is  left,  but  a 
new  gas  has  taken  their  place,  viz. :  hydrochloric  acid.      (See  page  83.) 

Acidum  Hydrochloricum,  U.  S.  P.,  a  colorless,  fuming 
Ii<iuid,  having  a  pungent  odor  and  an  intensely  acid  taste.  Its 
sp.  gr.  is  1.163  al  15°  C.  (59*^  F.),  and  it  contains  31.9  per  cent. 
of  absolute  hydrochloric  acid. 

Acidum  Hydrochloricum  Dilutum,  U.  S.  P.»is  made  by 
dihiiing  the  stronger  acid  with  water.  (Strong  acid  100  parts,  dis- 
tilled water  219  parts.)  The  sp.  gr.  ^^  1.050,  and  contains  10 
per  cent,  of  HCI.  Ptire  hydrochloric  acid  should  be  colorless, 
and  when  diluted  with  distilled  water,  should  give  no  precipitate 
with  H3S,  NH^OH  in  excess,  or  BaCl,,  and  shotild  not  dissolve 
gold  leaf.     (Absence  of  HNO,.) 

Tests.— (i)  Heated  with  MnO,,  it  gives  off  Chlorine 

(2)  Added  to  AgNO,,  it  gives  a  curdy,  white  ppl.  soluble  in 
ammonia  water,  but  insoluble  in  nitric  acid. 

AgN'O,  -f  HO  =  AgCI  -f  HNO^ 

{3)  Added  to  mercurous  nitrate,  it  gives  a  white  ppL  which  is 
blackened  by  ammonia  water. 

ng,(NO,),  -f-  2nci=  Hg,Cl,-|-  iHNO,. 
HgjO,  -I-  aNH,0»  -   NHjHg.U  -r  NH.Cl  -f  aH^O. 

Nitro-Muriatic  Acid,  Acidum  Nitrohydrochloricum, 
V.  S.  P.  (Aqua  Regia).  This  is  made  by  mixing  iSo  c.c.  of 
nitric  acid  with  820  c.c.  of  hydrochloric  acid,  in  a  capacious 
glass  vrssel,  and  when  efrer%*escence  has  ceased,  pouring  the  pro- 
duct into  amberHX)lored  glass-stoppered  bottles. 

The  two  acids  act  chemically  upon  each  other,  forming chloro- 
nitric  or  chloronitrotts  gas  and  chlorine.  These  equations  ex- 
press the  rcactioD  that  )«obably  occurs. 

HNO,  -f  3Ha  =  NocL?  -^  ^np  +  a. 

llNOi  -»  3Ha  «    NOO  -i-  iH^  +  CV 
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This  acid  has  the  power  of  dissolving  gold,  '*  the  king"  of 
metals,  and  hence  its  name  aqua  regia.  It  is  a  golden  yellow, 
fuming,  and  very  corrosive  acid,  smelling  strongly  of  chlorine. 

AcidumNitrohydrochloricum  Dilutum,  U.  S.  P.,  is  made 
by  mixing  40  c.c.  of  nitric  acid  with   iSo  c.c.  of  hydrochloric 

id.  and  when  effervescence  has  ceased,  adding  780  c.c.  of  dis- 
Ued  water. 


BROMINE 


P. 


BROMUM,  U.S. 

BKOMIN. 

Br -Bo. 

Specific  Gravity  2.99  at  15^  C.  (59°  F.).     Density  of  Vapor  80. 

History  and  Occurrence. — Discovered  by  H^lard,  in  sea- 
salt,  in  iii26.  It  never  occurs  native,  but  is  found  combined  with 
the  alkaline  metals  and  magnesium  in  sea-water,  certain  salt 
springs,  and  the  ashes  of  sea-weeds. 

Preparation. — Sea-water  or  brine,  which  conuins  chlorides, 
bromides,  and  iodides  of  K,  Na,  Ca  and  Mg,  is  evai>orated  down, 
so  that  some  of  the  constituent  salts  are  separated  by  crystalliza- 
tion. 
The  evaporation  takes  place  first  in  large  iron  pans,  and,  after 
lowing  the  salts  to  settle,  the  liquor  is  further  evaporated  in  a 
ies  of  wooden  tanks,  five  in  number,  which   are  heated   by 
cam  pipes ;  these  tanks  are  placed  at  different  elevations,  one 
bovc  the  other.     The  liquor  remains  one  day  in  each  tank,  and 
when  it  reaches  the  lowest,  or  fifth  tank,  it  contains  only  a  few 
of  the  more  soluble  salts,  chiefly  bromide  of  magnesium.     The 
rystaU  are  removed  from  each  tank  before  the  li<iuor  is  drawn  off. 
The  last  mother  liquor  is  called  bittern.     The  bittern  is  treated 
with  chlorine  gas,  which  liberates  bromine. 

MgBr,  -h  Cl,  =  MgO,  -f  lir,. 
It  is  then  shaken  up  with  ether,  which  dissolves  the  bromine 
and  rises   with   it   to   the  s-.irface.     Then    it  is   se|>arjted  with 
pil>eties.  mixed  with  potassium  hydroxide,  and  evai>orated  to  dry- 
ness, leaving  potassium  bromide  and  bromate. 

3Br    +  6KOH  =  5KBr  -f  KBrOj  4  3H,0. 
SKDr  -r  KBrO,  +  heal  =  6Kbr  -f  3O. 

The  potassium  bromide  is  then  treated  with  manganese  dioxide 
'and  sulphuric  acid,  which  liberates  the  bromine  in  a  pure  state. 

aKBr  f  MnO,  +  aH,SO<  =^  K,SO^  -|-  MnSO^  +  aH,0  +  Br^ 
II 


m 


MEDICAL    CHEHtSTICV. 


n 


Properties. — Bromine  is  a  heavy,  dark-red,  mobile  liquid* 
evolving,  even  at  ordinary  temperatures,  a  yellowish-red  va4X)r, 
highly  irritating  to  the  eyes  and  lungs,  and  having  a  peculiar, 
pungent,  suffocating  odor  like  that  of  chlorine. 

It  is  soluble  in  thirty  jwu-ts  of  water,  readily  soluble  in  alcohol, 
ether,  carbon  disulphide  and  chloroform,  imparting  its  color  to 
the  solutions. 

It  is  completely  volatilized  on  exposure  to  air  or  to  heat.  It 
destroys  the  color  of  litmus  and  indigo,  and  colors  starch  solu- 
tion yellow. 

Chemical  Properties. — The  chemical  properties  of  bromine 
are  similar  to  those  of  chlorine,  but  somewhat  feebler.  Bromine 
is  poisonous.  It  may  be  recognized  by  its  color,  odor,  or  by  the 
yellow  or  brown  color  of  its  solution  in  chloroform.  It  gives  a 
yellow  or  orange  color  with  starch  paste.  A  solution  of  argentic 
nitrate  precipitates  it  from  its  solutions,  as  a  yellowish-white 
powder,  which  is  soluble  with  difficulty  in  ammonium  hydroxide. 

Hydrogen  Bromide. — Hydrobromic  Acid  (HBr).  This 
acid  may  be  prepared  by  treating  phosphorus,  immersed  in  cold 
water,  with  bromine,  and  distilling  the  resulting  liquid.  The 
bromine  combines  with  the  phosphorus,  I'onning  PBr^,  which  is 
decomposed  by  the  water  into  phosphoric  and  hydrobromic 
acids. 

PBfj  -I-  4H,0  =  H,PO,  +  sHBr 

It  may  also  be  prepared  by  the  action  of  dilute  sulphuric  acid  (7 
parts  acid  to  one  of  water),  upon  a  hot  solution  of  potassium 
bromide.     (Squibb.) 

2KBx  -h  II,SO,  =  aHBr  +  K^SO^ 

Another  method  is  to  pass  sulphuretted  hydrogen  through  sa 
aqueous  solution  of  bromine. 

Br,  +  H^=s2HBr4.S 

Or  by  double  decomposition  between  potassium  bromide  and 
tartaric  acid. 

KBr  +  H.C^H^O,  =  HBr  +  KHC^H.O, 

Bitartrate  of  potassium  precipitates  and  lea\-es  HBr  in  solution. 
The  disadx-antage  of  this  method  is  that  some  of  the  bitartrate 
remains  in  solution.  Diluted  Hydrobromic  Acid  is  official.  It 
contains  10  percent,  of  absolute  hydrobromic  acid.  It  is  a  clear, 
colorless  liquid,  having  properties  closely  resembling  those  of 
hydrochloric  acid.     Its  sp.  gr.  is  1.077  ^^   15°  <^-  (59°^-)* 
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The  acids  and  salts'  of  bromine,  are  analogous  to  the  corre^ 
s]x>nding  acids  and  salts  of  chlorine. 

Hydrobromic  U  a  monobasic  acid,  and  forms  compounds  called 
bromides. 

Teats  for  Bromides. — i.  With  silver  nitrate,  a  yellowish- 
white  ppt.  of  silver  bromide  is  produced,  which  is  in&oUible  in 
nitric  acid,  and  sjaringly  solul>le  in  ammonia  water. 

2.  Treated  with  chlorine  water,  the  bromine  is  liberated,  and 
lay  be  dissolved  by  shaking  with  chloroform^  ether  or  carbon 
distilphide. 

IODINE.— lODUM,  U.  S.  P. 

lODIN. 


Specific  Gravity  4.948. 

[istory  and  Occurrence. — Iodine  was  discovered  by  Cour- 

tois   in   the  asljcs  of  seaweeds   in    1S13.      It  occurs  in  certain 

mineral  springs  with  chlorine  and  bromine,  but  in  less  quantities. 

It  is  obtained  mostly  from  the  ashes  of  certain  sea-weeds  collected 

on  the  shores  of  Scotland  and  France. 

I  Preparation. — The  sea-weed   is  first  dried  in  the  sun,  and 

^Htben  burned  in  shallow  excavations,  at  a  low  heat,  so  as  not  to 

^■folatilize  the  iodine.     The  ash  (called  ''lielp")  is  then  leached 

^^with  water,  which  dissolves  out  the  sails,   and  the  solution   is 

evaporated  in  open  pans,  so  as  to  separate  the  other  crystallizable 

^Biatt&.     The  mother  liquor,  called  "  iodine  ley,"  which  still  con- 

^f  tains  some  sodium  carbonate,  hy]>osu]phitc  and  sulphide,  is  mixed 

^^wilh  ^  of  its  bulk  of  sulphuric  acid  and  allowed  to  stand  24 

^^bo«rs. 

^H  Decomposition  of  the  above-named  salts  takes  place,  with  the 
^Bev'olutton  of  CO,,  SO,  and  H,S.  The  liquid,  which  contains 
^^Bodine  as  sodium  iodide,  is  then  put  into  a  reion,  and  treated 
^Btrith  manganese  dioxide  and  some  more  sulphuric  acid,  and 
^Blieated.  The  iodine  now  distils  over  and  is  condensed  in  suitable 
^■condensers. 


2K*1  4-  3H,S0,  +  MnO,  =  Na,SO^  +  MnSO,+2H,0  -\-  I,. 


Iodine  is  a  bUii&h-black  crystalline  solid,  occurring  in  bright 

lies  or  tablets,  whicli  emit  even  at  ordinary  temperatures  a  very 

[irritating,  pungent  vapor      Whm    healed,  it  melts  at  114"  C. 
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;*37*'**  ^0.  *^d  is  gradually  dissipated  in  the  form  of  a  beautiful 
iolcl-colored  vapor,  of  the  density  of  126.53. 

Medical  Uses. — It  is  sued  externally  as  a  coiinter-irriLant 
and  di-iciiticnt ;  internally,  as  an  antizymoiic  and  alterative. 
Id  large  doses,  it  acts  as  an  irritant  poison.  It  is  eliminated 
by  the  kidneys,  sali\'a  and  faucial  raucous  membrane^  bu(  not  by 
"the  skin.  In  administering  it,  silver  spoons  should  be  avoided, 
as  it  attacks  silver. 

The  following  three  preparations  of  free  iodine  are  official : 
Tinctura  lodi,  a  solution  in  alcohol  (70  gms.  to  1000  c.  c). 
When  freshly  made  it  is  precipitated  from  this  solution  with 
water,  but  after  some  time  it  undergoes  changes  which  prevent 
this.  The  so-calleJ  colorless  tincture  is  made  by  adding  am- 
monium hydroxide  to  the  above  tincture,  in  sufficient  quantity  to 
decolorize  it  by  converting  the  iodine  into  ammonium  iodide. 

Liquor  lodi  Compositus  (Lugol's  solution),  is  a  solu- 
tion of  iodine  and  [tolassium  iodide  in  water.  Iodine  5  gras , 
KI,  10  i;ms.  Distilled  water  q.  s.  to  make  loo  gms.  Unguen- 
tum  lodi  contains  4  i>er  cent,  of  iodine,  rubbed  up  with  )>otas- 
slum  iodide  and  water  and  mixed  with  lard. 

Hydric  Iodide,  or  Hydriodic  Acid   (HI). — A   solution 
of   this  acid   is   prei>arcd    by   j>assing  hydric  sulphide   through 
water   containing   iodine   in   suspension,    until   the  iodine  dis- 
appears, and  then  filtering  from  the  jirecijatated  sulphur. 
I,  -f  H^S«2HI  +  S. 

The  acid,  when  pure  is  a  colorless  gas,  fuming  in  the  air,  having 
a  penetrating  odor  resembling  in  most  of  its  properties  those 
of  hydrochloric  acid,  although  le>s  stable  and  less  active.  Solu- 
tions of  hydriodic  acid  are  very  prone  to  decomposition,  with 
liberation  of  free  iodine.  Syrupus  Acidi  Hydriocidi  is  official; 
it  is  made  by  mixing  an  aqueous  solution  of  potassium  iodide 
with  an  alcoholic  solution  of  tartaric  acid,  The  mixture  is 
cooled  by  ice  water,  the  precipitate  separated  by  filtering,  and 
syrup  added.  This  syrup  contains  about  i  jwr  cent,  by  weight 
of  absolute  hydriodic  acid. 

Tlie  reaction  which  takes  place  in  the  above  process  is  thus 
expressed : 

KI  +  H,C^H,0,  =  KHC,H^O,  -f  HI. 

The  iodides  of  potassium,  sodium,  iron,  lead,  mercury,  arsenic, 
ammonium,  and  sulphur  are  used  in  medicine.  The  following 
compounds  are  also  known  :  ICl,  IClj,  ICI^,  IKr,  IFl^,  and  NI,. 
The  last  is  a  very  explosive  compound. 


I 

I 
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Tests  for  Iodine  and  Iodides.— i.  Free  iodine  turns 
gelatinized  starch  blue. 

2.  To  a  soiulion  containing  free  iixJine,  add  a  few  drops  of 
carbon  disulphide  and  shake.  The  carbon  disulphide  will  fall 
to  the  bottom  of  the  vessel  in  the  form  of  a  bead  of  a  beautiful 
violet  color.  Chloroform  may  be  used  instead  of  the  carbon 
disiilphide. 

3.  To  a  solution  of  an  iodide  add  a  little  chlorine  water^  and 
test  for  free  iodine,  as  above. 

4.  To  a  solution  of  an  iodide  add  nitrate  of  silver  solution  ;  a 
pale  yellow  precipitate  will  form,  which  is  insoluble  in  nitric  acid 
and  in  ammonia  water. 

5.  Acetate  of  lead  gives  a  yellow  precipitate  of  lead  iodide. 


GROUP  VI.— NON-METALLIC  MEMBERS. 


Oxygen,      O     ^    x6 

Sulphur,  S  ^  3a 
Selenium.  Se  ^=:  79 
TcUuhuxn.  Te  =  125 


The  elements  of  this  group  are  dyad,  tetrad,  or  hexad,  with  the 
exception  of  oxygen,  which  is  always  dyad.  They  all  combine 
with  hydrogen  in  the  proportion  of  RH^  With  the  exception  of 
H,0  their  hydrides  have  acid  properties.  Oxygen  is  the  moit 
electro-negative  and  tellurium  the  least  so. 


I  OXYGEN. 

Symbol,  O.  Atomic  Weight,  16  (15.96).  Molecular  Weight,  32. 
Weight  of  I  liter,  t.43  grams.  iG  grams  =:=  11.16  liteis  under 
BUindard  temperature  and  preasure. 

Occurrence.— Oxygen  was  discovered  by  Priestly,  in  Eng- 
land,  in   1774.  and  at  the  same  time  by   Scheclc  in  Sweden, 
|lndc|)cndenily  of  each  other.      It  exists  in  the  air  in  the  free  or 
icombined  state,  mixed  with  nitrogen  and  small  quantities  of 
itber  gases.     It  enters  into  the  comi)osilion  of  a  grt-at  variciy  of 
im[*ound  bodies,  such  as  minerals,  vegetable  and  aninin]  bodies, 
k'aier   is  eight-ninths,   sand   one-half,   and   aUimina   one-third 
[oxygen,  by  weight. 


IS6 
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Preparation. — Oxygen  may  be  prepared: — 

First.— lly  heating  mercuric  oxide  in  a  retort  or  flask,  when 
it  breaks  up  into  oxygen  and  black  nicrciirous  oxide;  or,  if  the 
temperature  be  high,  into  oxygen  and  metallic  mercury, 

2HgO  =  2Hg-f  O^ 

—By  heating  black  manganic  oxide  (MnOJ  to  red- 
iron  or  clay  retort,  when  it  gives  off  a  part  of  its 


n 


Second. 
ness,  in  an 
oxygen. 


Third. — By  decomposing  acidulated  water  with  a  current  of 


Fic.  48. 


electricity.     The  oxygen  obtained  in  this  way  is  very  pure,  but 

the  methtKl  is  too  slow  for  ordinary  use. 

Fourth. — A  good  method,  and  the  one  most  often  employed, 
is  by  heating  potassium  chlorate. 

2KCI0,  =  2KCI  4-  30^ 

The  evolution  of  the  gas  takes  place  more  regularly  and  at  a 
lower  temperature,  if  the  chlorate  be  mixed  with  ferric  oxide, 
cupric  oxide,  or  manganic  dioxide.  In  practice,  the  last  is  gen- 
erally used  in  the  pro]>ortion  of  one  part  of  the  oxide  to  two  or 
three  parts  by  weight  of  the  chlorate.  The  manner  in  which  the 
oxide  acts  is  somewhat  obscure,  for  it  seems  to  undergo  no  change 
in  composition,  and  is  found  to  be  unaltered  in  the  residue  left 
in  the  retort. 
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The  process  may  be  conducted  in  a  round-bottom  glass  flask, 
furuished  with  a  large-size  delivery  tube,  provided  that  ihe  hent 
be  carefully  regulated  and  not  allowed  lo  become  too  high.  The 
^as  is  collected  in  an  inverted  jar  in  a  pneunnatic  trough.  See 
Fig.  48. 

One  kilo^frarnme  of  the  chlorate  ought  lo  yield  about  140  liters 
or  5  cu.  ft.  of  oxygen. 

Properties. — Oxygen,  when  pure,  is.  at  ordinarj'  tempera- 
tures, a  colorless,  transparent,  odorless,  tasteless  gas,  slightly 
heavier  than  air.  Its  sp.  gr.  is  1.10563.  Water  dissolves  three 
per  cent,  of  its  volume,  at  ordinary  temperatures.  Under  a 
pressure  of  300  atmospheres,  and  at  a  temperature  of — 140**  C, 
it  condenses  to  a  transparent  liquid  whose  specific  gravity  is 
0.9787  (Piclel). 

Liquid  oxygen  boils  at  — 180°  C.  (—299°  F.)  under  atmos- 
pheric pressure,  and  its  absolute  boiling  point,  above  which  it 
cannot  be  condensed  to  a  liquid,  and  known  as  the  critical 
temperature,  is — 113°  C,  ( — 203°  K.).  Every  gas  seems  to 
have  a  critical  temperature  peculiar  to  itself  Oxygen  is  mag- 
netic. The  magnetism  of  the  atmospheric  oxygen  is  equal  to 
^m  ihai  of  a  layer  of  iron  covering  the  surface  of  the  earth  o.i  niili- 
^P  meter  in  thickness. 

^^      Oxygen  forms  oxides  of  all  the  known  elements  except  bro- 
mide and  fluorine.     lis  range  of  affinities,  and  its  energy  of  com- 
bining power  are  its  characteristic  chemical  properties.     Most 
.        elements  combine  directly  with  it,  especially  at  high  tempera- 
^K  tures.     When  this  oxidation  is  accompanied  by  light  and  heat  it 
^fis  called  combustion.     A  body  is  said  to  be  combustible  when 
it  unites   readily   with   oxygen,  and  emits  light  and  heat  in  so 

I  doing.  A  combustible  body  usually  requires  to  be  heated  to  a 
more  or  less  elevated  temperature  before  it  will  be  acted  upon  by 
atmof»pheric  oxygen  ;  but  when  the  process  has  once  begun,  it  is 
Itept  up  by  the  heat  generated  in  burning. 
Some  bodies,  not  ustully  regarded  as  combustible,  will  burn 
when  heated  to  a  red  heat  anii  plunged  into  an  atmosphere  of 
I  fnirc  oxygen  ;  for  example,  a  steel  watch  spring  or  small  iron 
wire,  so  treated,  will  bum  with  great  brilliancy.  Bodies  which 
burn  in  air  with  difficulty,  burn  in  pure  oxygen  with  j<reat  readi- 
ness. Oxygen  is  the  great  supporter  of  combustion,  but  the 
action  of  oxygen  and  the  combustible  body  are  mutual.  A  jet 
of  air  rnay  be  burned  in  a  jar  of  illuminating  gas  or  hydrogen 
rraddy  as  these  hist  burn  in  the  air.  Oxidation  often  takes 
siowly,  and  the  heat  produced,  although  the  same  in  both. 
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cases,  passes  off  into  the  air  or  surrounding  bodies,  so  that 
t(:nij.)t'rature  does  not  rise  much  above  that  of  the  air.     This 
.somenmes  termed  slow  combustion  ;    or,  more   commonly, 
oxidation. 

Most  ordinary  combustibles  contain  carbon  and  hydrogen, 
and  in  such  cases  the  results  of  the  process  are  carbon  dioxide 
and  watery  vapor.  In  case  the  combustible  contains  sulphur, 
it  becomes  sulphurous  oxide  ;  if  nitrogen,  it  becomes  either  free 
nitrogen  or  ammonia,  accor<ling  as  the  oxidation  is  complete  or 
incomplete.  The  respiration  of  animals  is  similar  in  effect  to 
combustion. 

Uses. — The  uses  of  oxygen  are  numerous.  The  oxygen 
taken  into  the  air  vesicles  of  the  lungs  passes  through  their  thin 
walls,  by  dilTusion,  into  the  blood.  There  it  combines  with  the 
hscmoglobin  and  circubtes  with  it  throughout  the  body,  assisting 
in  burning  up  the  waste  products  of  the  broken-down  tissues. 

ric.49. 


N 


It  is  eliminated  from  the  body  as  carbon  dioxide  and  water. 

One  hundred  volumes  of  arterial  blood  from  a  dog  contain 
twenty-two  volumes  of  oxygen  (Gehaut),  and  this  quantity 
varies  with  the  amount  of  haemoglobin  or  with  the  red  corpus- 
cles of  the  blood. 

Oxygen  is  used  in  the  compound  blowpi|>e,  with  hydrogen  or 
illuminating  gas,  to  obtain  a  higli  temperauire  for  working  plati- 
num or  for  the  production  of  light.  The  gases  are  stored  in 
sejiarate  receptacles  under  pressure,  and  are  mixed  in  the  blow- 
pipe immediately  before  burning. 

The  construction  of  ihe  blowpipe  is  shown  in  section  by  Fig. 

49- 

For  the  production  of  light,  the  flame  is  projected  upon  a  small 

cylinder  cut  from  unslaked  lime.     The  flame  heats  the  Ume  to  a 
brilliant  white  heat  which  gives  an  intense  light. 

In  the  ordinury  projecting  lantern,  the  light  from  the  heated 
lime  is  thrown  through  a  lens  uix)n  a  screen.  Objects  or  trans- 
parencies pljtced  in  the  light  before  the  lens  are  then  observed 


I 
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BpornBc  screen.  Oxygen,  either  pure  or  mixed  with  nitrogen 
or  nitrous  oxide,  and  condensed  into  cylinders,  has  been  used 
with  some  success  in  the  treatment  of  varioui  long  affections. 
When  taken  in  this  way,  it  acts  as  a  tonic  and  stimulant,  by 
xtdizing  the  bl^od ;  and.  by  forcibly  inflating  the  lungs,  it 
rreases  by  several  cubic  inches  the  air  cai)acity. 
In  the  air,  the  oxygen  is  mixed  with  nitrogen  to  dilute  it  and 
to  moderate  ith  action.  Oxygen  is  of  vise  as  a5up|>orterof  combus- 
ion,  to  afford  us  artificial'  heat  and  light.  With  this  heat  we 
rive  our  ste.}m  engines,  warm  our  houses,  smelt  our  ores  and 
ok  our  food. 

Ozone. — If  a  series  of  electric  sparks  be  passed,  for  a  few 

minutes,  through  a  portion  of  air  or  oxygen  gas  confined  in  a 

lube,  it  ac<inirei  a  peculiar  pungent  o.ior,  exhibits  pro(>erties 

which  it  did  not  previously  possess,  and  undergoes  a  contraction 

volume.     The  same  otior  is  usually  detected  in  the  air  in  the 

eighlxjrhood  of  a  frictional  electrical   machine  while  in  oi^era- 

ion  ;  or  in  the  gas  given  off  by  a  mixture  of  potasiium  perman- 

nate  and  sulphuric  acid. 


KjMojO.  +  sH^SOj  =  K,SO,  -f  aMoSO^  +  jH,  0  +  0,  +  O,. 


Oxygen. 


Orone. 


or,  when  phosphorus,  partially  covered  with  water,  is  exposed  to 
the  air  and  allowed  to  undergo  slow  oxidation  ;  or  by  the  elec- 
trolysii  of  water  containing  sulphuric  and  chromic  acids.  Ozone 
cau)  often  be  delected  about  a  galvanic  battery,  using  as  the 
exciting  fluid  a  solution  of  sulphuric  acid  and  p>otassium  dichro- 
niate. 

Oionc  has  l>cen  prepared  in  the  pure  state  by  passing  ozonized 
ixygeu  through  a  tube  cooled  by  liquid  oxygen  to  — 184°  C. 
( — 299*  F.).  Thus  prepaied,  it  is  a  steel-blue  li(|uid  boiling  at 
^106*  C,  and  evaporating  into  a  blue  gas. 

PThc  density  of  the  gas  is  24,  and  its  molecular  weight  is  there- 


lore  48,  or 


i 
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The  ozone  of  the  air  never  exceeds  one  part  in  700,000.     It 

most  abundant  in  May  and   June,  and  least  in  December  and 

|aniwr>'. 

Properties. — The  properties  of  ozone  are  those  of  oxygen, 

(inicn^iUcd.     li  is  a  very  i»owerful  oxidizing  agent,  tarnishes  silver 

13 
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and  niCTcury,  scis  iodine  free  from  potassium  iodide,  and  is  raj>- 
idly  destroyed  by  contact  with  easily  oxidixablc  organic  matters, 
and  by  a  temperature  oi'  149"  C.  ^^300°  F.).  In  this  last  case» 
it  is  reconverted  into  oxygen.  It  is  a  strong  bleaching  agent, 
it  \&  soluble  in  oil  of  turpentine  and  in  ether. 

In  preparing  ozone  from  oxygen,  a  contraction  takes  place, 
and  it  again  expands  on  being  reconverted  into  ordinary  oxygen. 
1  his  shows  that  it  is  a  condensed  form  of  oxygen. 

O^one  is  ly^  times  heavier  than  oxvgen,  and  its  molecule  is 

O — O 


represented  by 


Tests.  — The  presence  of  ozone  may  be  detected  by  its  action 
uix)n  a  paper  saturated  with  a  solution  of  potassium  iodide  and 
boiled  starch  paste.  This  paper  becomes  blue  by  its  action,  owing 
to  the  liberation  of  iodine,  which  gives  a  blue  color  with  starch. 
A  piece  of  reddened  litmus  paper  saturated  with  potass,  iodide  also 
becomes  blue  A  paf>er  moistened  with  an  alcoholic  solution  of 
guaiaciun  is  also  changed  to  a  lighc  blue  by  its  action.  A  piece 
of  pa[jer  impregnated  with  a  solution  of  manganous  sulphate  or 
lead  hydrate  turns  dark  brown  or  black  in  its  presence.  These 
reactions  disappear  wlien  the  air  is  heated  to  260°  C.  (500**  F.). 
Ozone  is  found  in  the  air.  especially  after  thunder  slonns,  and 
when  in  appreciable  fjuantiiies,  acts  as  a  jnirifier  of  the  air, 
destroying,  by  its  oxidizing  action,  many  forms  of  organized 
germs  hurtful  to  animal  and  vegetable  life.  On  this  account,  it 
has  been  regarded  as  a  valuable  antiseptic  and  disinfectant.  As 
it  is  very  irritating  to  the  raucous  membrants,  and  when  present 
to  any  considerable  extent  ca\ises  distressing  coryza,  or  even 
hxmoptysis,  it  is  to  be  recommended  with  caution. 

HYDROGEN  AND  OXYGEN. 

Two  compounds  of  these  elements  are  known. 
Hydrogen  oxide,  or  water,  H,0. 
Hydrogen  peroxide,  or  oxygenated  water,  H,0,. 

HVDROCEN  OXIDE,  OR  WATER. 

Occurrence. — Water  is  so  widely  distributed  in  nature,  that 
{1  is  nlmosi  universal.  It  exists  in  the  three  states;  solid, 
lUpiid.  and  xas  or  vajxir. 

It  occurs  in  the  solid  form  below  the  temperature  of  o"  C. 
iS^°  K. ).  and  as  a  liquid  between  o"  C.  (32°  F.)  and  100°  C. 
(ill'  v.),  and  asa  vajior  above  loo*^  (J.  (21a  F.)-     In  the  form 
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of  vaf>or  it  exists  in  the  air  at  ordinary  temiJcraturcs.  It  is  poured 
into  It  from  combustion  in  various  manufacturing  processes,  from 
rolcanoes,  by  spontaneous  evaporation  from  the  surface  of  the 
ground,  bodies  of  water  and  the  leaves  of  plants.  Seven-eighths 
of  the  entire  human  body  is  water.  Potatoes  contain  75  per  cent ; 
i»-atcrmelons,  94  per  cent. ;  and  cucumbers,  97  p)er  cent.  It 
enters  into  the  composition  of  many  rocks,  and  forms  a  necesr 
^^sary  part  of  many  crystals,  where  it  is  known  as  water  of  crystal- 
^Bli£ation. 

^m     Composition. — ^The  composition    of  water   may   he  dctcr- 

^■mined  in  two  ways:  by  analysis  and  by  synthesis.     If  a  current 

^Boi  electricity   be   conducted   through  a   vessel  of  water,  slightly 

^^acidulated  with  sulphuric   acid,   the  water  will  be  detomposed 

'     ^inio  two  gases,  hydrogen  and  oxygen,  in  the  proi>onion  of  two 

^^voli»mes  of  the  first  to  one  of  the  second.     If,  now,  these  gases 

^^be  mixed  together  in  the  same  proportion,  and  an  electric  spark 

^«ent  through  the  mixture,  they  recombine  with  an  explosion.     If 

equal  volumes  of  the  two  gases  be  used,  there   will  remain, 

after  the  explosion,  one-fourth  as  much  gas  as  was  taken,  which, 

on  testings  will  be  found  to  be  oxygen. 

These  two  experiments  show  that  the  proportion  of  the  gases, 

)y  volume,  must  be  two  of  hydrogen  10  one  of  oxygen.     On 

reighing  the  two  gases,  we  find  that  the  oxygen  weighs  eight 

[times  as  much  as  the   hydrogen,  /.  e.,  by  weight,  water  is    com- 

oscd  of  I  oxygen  and  i  hydrogen. 

The  recombination  is  effected  in  the  eudiometer  of  the  con- 

:ruction  represented   by  Fig.  51  and  the  decomposition   in  the 

ipparatus  shown   in    Fig.  50.     For  the  synthesis  of  water,  the 

lixed  gases  are  introduced  into  the  graduated  limb  (Fig.  51) 

through   the  stop-cock   at   the  top.     The   wires  from  a    small 

induction  coil  are  connected  with  the  two  platinum  wires  soldered 

into  the  glass  just  below  the  stop-cock,  and  which  are  sepanited 

'ithin  the  lube  by  a  space  about  A  of  an  inch.     On  connecting 

the  coil  with  the  wires  from  the  battery,  a  spark  is  sent  across  the 

i(»axe  l>etween  the  platinum  wires,  which  ignites  ihe  gases.     In 

ig-  50  the  wire*  arc  seen  to  jklss  through  the  tubes  at  the  bottom 

nd   terminate    in   two  stri]«  of  platinum  foil,  from   which  the 

csca[>e  to  the  lop  of  tlicir  respective  limbs.     If  the  gradu- 

limb  in  Fig.  51,  contaming  the  gases  to  be  combined,  be 

rrnwinded  by  a  larger  tube,* through  which  steam   from  a  kettle 

\h  kept  passing,  and  the  gases  are  measured  before  and  after  Ihe 

?xplot.ion,  at  the  xnne  temiK-raiure,  it  will    be   found   that  the 

km  produced  by  the  combination  of  the  oxygen  and  hydrogen, 
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will  occupy  two-thirds  of  the  vohime  of  the  mixed  gases  before 
the  explosion.  (Page  83.)  That  is,  the  two  volumes  of  hy- 
drogen and  the  one  volume  of  oxygen  have  formed  two  volumes 
of  steam  or  vapor  of  water.  Apjjlying  the  law  of  Avogadro,  it 
will  be  seen  that  there  are  the  same  number  of  molecules  of 
water  produced  as  there  were  molecules  of  hydrogen  taken. 
Nowj  as  we  have  seen  (page  83)  that  the  hydrogea  molecule 


Fi&.  50. 


Fig.  51. 


contains   two   atoms,  the  molecule  of  water  must  contain  two 

atoms  of  hydrogen.  By  the  same  reasoning,  it  may  be  shown 
that  the  molecule  contains  but  one  atom  of  oxygen ;  or,  the  for- 
mula is  H.jO. 

Preparation. — Water  may  be  pre|)arcd  in  several  ways  by 
chemical  mcang. 

First. — The  simplest  method  is  the  direct  union  of  the  gases. 

2H,+0,  =  3H,0. 

Second. — It  is  always  produced  by  burning  in  the  air  hydro- 
gen gas,  or  any  combustible  containing  it,  and  may  be  condensed 
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ly  conducting  the  products  of  the  combastion  through  a  tube  or 
flue  kept  cof)l  by  immersing  it  in  told  water. 


U 


CH.  • 

Old. 


f      2O, 
Oiygcr 


CO, 

Carbon. 
LHoxide. 


2H-O. 

Water. 


I 
I 


Third. — As  one  o(  the  products  of  the  action  of  an  acid 
upoD  a  base,  or  a  metallic  oxide.     Thus : — 


K— C)— H 

p.  la«. 
Hydroxide. 


-f 


HNO, 

Hydrie. 
Nimie. 


KNO, 

N  iimie. 


H.O. 

Wiier. 


01 

I" 

^  v: 


Fourth. — ITie  reduction  of  a  metallic  oxide  by  hydrogen  or 
some  organic  substance  containing  it. 

C,H^  +  6CuO  al  red  heat  =  jCu,  -f  2CO,  4-  31^,0 
aCuO  +  2H,  ^  Cu,  -I-  aH,0. 

Properties  — Physical. — When  pure,  water  is  a  colorless, 
transparent,  mobile  liquid,  without  taste  or  odor.  When  viewed 
in  large  quantity,  however,  it  has  a  bluish  color.  It  is  a  poor 
conductor  of  heat  and  electricity.  When  water  is  cooled  below 
0°  C.  (32**  F.)  ir  a.<tsumcs  the  solid  slate,  called  ice.  When  the 
tem(>erature  is  raised  to  100°  C.  [312*^  F.)  in  ordinary  condi- 
tions, it  assumes  the  gaseQus  state,  called  steam.  This  point  is 
called  the  boiling  point.  The  lioiling  point  is  higher  than 
loo*'  C.  under  an  increased  pressure  Solid  matter  in  solution 
raises  the  boiling  point  and  lowers  ihe  freezing  point.  Water 
a  lem|xratiire  of  4"^  C.  (39-2°  F.)  is  taken  as  the  unit  of 
ifir  gravity  of  liquids  and  solids.  M  this  tem]>erature  it 
ses  its  greatest  density.     When  it  is  heated  above  orrooled 

low  this  point,  it  expands  and  becomes  less  dense.  Water  is 
773  times  heavier  than  air  at  o**  C,  and  11,147  limes  heavier 
than  hydrogen.  Water  expands  qiiite  rapidly  and  with  gnat 
force  on  solidifying,  and  hence  ice  is  lighter  than  water.  This 
expansion  is  supposed  to  be  due  to  the  greater  space  required  for 
the  molecules  in  arranging  themselves  into  crystals.  'I'lie  form 
of  ihe  crystal  of  water  is  hexagonal.  This  may  frequently  be 
seen  in  small  .snow-flakes  received  upon  a  dark  surface ;  the  lines 
f  the  three  equal  axes  can  often  be  seen  with  great  distinctness. 

The  variations  in  the  boiling  point  of  water  are  much  greater 
than  those  of  the  freezing  point,  but  the  latter  is  subject  to  slight 
variations  of  temiwratiire  Water  may  be  cooled  in  capillary 
lubes  to  — 1$^  C.  (5''  F.)  before  it  solidifies,  if  the  tubes  remain 
at  rest;  but  if  they  arc  agitated,  when  at  this  low  temperature, 
ihc  Hater  wdl  instantly  solidify.     The  agitation  favors  the  move- 
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ment  of  the  molecules  into  the  position  to  form  crystals, 

hence  large  bodies  of  water  freeze  at  a  higher  temf>erattjre  when 
agitated  by  a  gentle  breeze  than  when  ihe^air  is  very  calm.  Al- 
though converted  into  va|>or  most  rapidly  at  loo**  C,  water  (even 
ice  and  snow)  undergoes  evajioration  at  all  temperatures,  espe- 
cially when  the  air  is  dry.  Owing  to  its  great  solvent  power  for 
solids,  pure  water  is  never  met  with  in  nature.  There  are  com- 
paratively few  substances  whirh  are  totally  insoluble  in  water. 
When  we  wish  to  prepare  pure  water,  wc  generally  resort  to  the 
process  of  distillation,  rejecting  the  first  20  ]jer  cent,  of  that  which 
distils  over,  and  also  the  last  20  per  cent.  It  is  by  no  means  an 
easy  matter  to  prepare  absolutely  pure  water,  even  by  this  pro- 
cess; but,  by  conducting  the  process  carefully  with  the  above 
precautions,  we  may  obtain  a  water  pure  enougli  for  all  ordinary 
chemical  pur|JOfies.  Pure  water  is  generally  selected  as  the  sol- 
vent of  chemical  substances  which  are  to  be  submitted  to  any 
chemical  change,  because  the  reactions  take  place  more  readily 
in  solution  than  when  in  the  solid  state,  and  tiecause  water  is  a 
neutral  body,  which  does  not  complicate  the  result  by  taking 
jiarl  in  the  action  itself.  The  vapor  of  water  is  transparent,  in- 
visible and  colorless.  Its  density  is  9,  and  its  sp.  gr.,  referred  to 
air,  is  0.6234-  One  volume  of  water  will  |>roduce  1696  volumes 
of  steam,  or,  approximately,  one  cubic  inch  of  water  will  pro- 
duce one  cubic  foot  of  steam  at  100°' C.  (212°  F. ),  and  will 
absorb  536.0  units  of  heat. 

Chemical  properties.  — Wc  have  already  referred,  in  speak- 
ing of  the  preparation  of  water,  to  some  of  its  chemical  proi^er- 
ties.  It  unites  directly  with  many  metallic  oxides  to  form  bases 
or  hydroxides,  and  with  some  oxides  of  the  metalloids  to  form 
acids. 

CaO  -I-  H,0  =  CaO,H,  =  base. 

SO,   -h  H,0  =  H,SO,    =^  acid. 

CO.  -f-  H,0  =  H,CO,  =  acid. 


It  enters  into  a  feeble  union  with  most  metallic  salts  in  solution, 
and  separates  with  them  when  they  crvstallixe,  as  water  of  crys- 
tallization. Certain  substances  exhibit  a  marked  tendency  to 
combine  with  water,  or  to  al^sorb  it  from  the  air,  and  are  used 
in  the  laboratory  a-^  drying  agents.  Among  these  arc  calcium 
chloride,  sulphuric  acid  and  phosphoric  pentoxide. 

Natural  Waters. — As  already  stated,  natural  waters  arc 
never  free  from  dissolved  impurities.  They  contain  gaseous, 
liquid  and  solid  impurities,  varying  according  to  the  source  whence 
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arc  derived,  the  temperature,  the  nature  of  the  soil  or  rocks 
over  which  they  have  flowed  or  the  siate  of  the  air  at  the  time. 
Natural  waters  may  l->e  divided  into  potable  (or  drinkable), 
mineral,  and  saline  waters. 

Potable  Waters. — To  this  class  belong  well  water,  spring 
waier,  river  water,  lake  water  and  ice  water. 

The  purest  natural  waters  are  rain  and  snow  water  from 
mountainous  and  country  districts.  The  inirity  of  rain  water 
varies  with  the  locality  where  it  falls.  In  the  neighborhood  of 
large  cities,  where  the  air  is  charged  with  the  products  of  large 
factories,  etc,  it  will  contain  whatever  of  these  can  be  washed 
out  of  the  air. 

Sulphuric  acid,  for  example,  is  comjiaratively  abundant  in 
the  air  of  large  cities.  'Vhe  rain  water  of  London,  as  given  by 
Dr.  R  Angus  Smith,  contains  205  parts  per  million,  while  that 
of  inland  places  in  England  contains  only  5.5  parts;  and  that 
from  inland  places  in  Scotland,  only  2  parts,  while  from  Glas- 
gow it  contained  70  parts. 

The  .source  of  the  sulphuric  acid  is  mostly  the  combustion  of 
coal  containing  sulphur.  The  chlorides  in  rain  water,  princi- 
pally sodium  chloride,  vary  with  the  distance  from  the  sea 
coa.st. 

Ammonium  salts,  nitrates  and  niti4tes  are  found  in 
small  quantities,  derived  from  decomfx>sing  organic  matter  and 
from  the  combustion  of  coal.  Another  source  of  these  com- 
pounds, is  the  oxidation  of  a  small  quantity  of  the  nitrogen  of 
the  air  by  ozone  generated  by  lightning.  Rain  water  also  con- 
tains more  or  less  dust  and  organic  matter,  which  it  washes  out 
of  the  air  in  falling.  The  gases  found  in  rain  water  are  carbon 
dioxide  (C0,1,  nitrogen,  oxygen,  and  sometimes  in  cities,  sul- 
phur dioxide  (SO,),  and  hydrogen  sulphide  (H,S). 


CO, 


2.4  ) 

6.59  ^c.c. 
'4.     3 


I^er  liter. 


II      Pcligofs  analyses  show  Oxygen 
^ft  Nitrogen 

It  will  be  noticed  that  the  proportion  of  oxygen  in  the  air  of 
lain  water  is  al»out  twice  as  great  as  that  of  the  atmos[ihere. 

Rain  water,  as  ordinarily  collected  on  roofs  of  houses,  is  very 
'tutsch  contaminated  with  both  organic  and  mineral  matter  washed 
from  the  roof  on  which  it  falls.  It  is  very  liable  to  l>ecome  putrid 
from  the  dccomiK»ition  of  this  organic  matter,  and  to  breed  the 
larvae  of  certain  insects.     Melted  snow   furnishes  a  water  even 
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purer  than  rain  water,  especially  if  we  collect  ihat  which  falls 
toward  the  end  of  a  storm. 

Ice  ^vater  varies  very  much  in  purity,  according  to  the  purity 
of  the  water  from  which  the  ice  is  obtained.  Ice  is  alwa)*s  purer 
tlian  the  water  from  which  it  is  formed,  and  when  obtained  from 
clear  lakes  or  rivers  it  is  often  the  purest  of  natural  waters,  owing 
to  the  fact  that  in  the  crystallization  of  water,  or  freezing,  it 
leaves  part  of  ihe  dissolved  solids  and  gases  in  the  remaining  water. 
The  absence  of  the  usual  gases,  however,  renders  ice  water  flat  to 
the  taste. 

Spring  and  Well  craters  are  simply  rain  water  which  has 
been  filtered  through  a  more  or  less  thick  layer  of  soil.  The 
nature  and  quantity  of  the  dissolved  matters  will  dei.>end  upon 
the  nature  of  the  soil  and  rock  through  which  it  percolates  or 
over  which  it  flows. 

In  large  cities,  where  the  soil  is  saturated  with  filth,  the  well 
waters  are  very  impure;  while  in  well-drained  and  mountainous 
country  districts  they  are  much  ^.'urer-  Dangerous  organic  mat- 
ter may  filter  through  many  feet  of  soil  and  poison  the  water  of 
a  well  or  spring.  Shallow  wells  usually  contain  much  more 
organic  and  less  mineral  matter  than  deep  wells,  and  are  therefore 
more  likely  to  contain  dangerous  or  unwholesome  matters.  Shal- 
low wells  are  essentially  a  pit  for  the  reception  and  accumulation 
of  the  drainage  from  the  surrounding  soil.  For  convenience  they 
are  usually  situated  near  the  dwelling,  where  the  soil  receives 
more  or  less  household  waste  of  various  kinds,  and  are  often 
placed  near  a  cesspool  or  privy  vault.  The  effect  of  the  geologi- 
cal character  of  the  soil  is  almost  entirely  obliterated  by  this 
local  impurity.  Such  waters,  even  when  disgustingly  impure,  are 
usually  bright,  sparkling  and  t>^latable,  and  are  often  much 
approved  by  those  accustomed  to  their  use.  Deep  wells  may  be 
regarded  as  those  which  draw  their  supply  from  a  depth  of  loo 
feet  or  more  from  the  surface.  In  cases  where  the  sujiply  is 
drawn  from  below  a  dense  bed  of  clay  or  of  impervious  rock, 
the  well  may  be  considered  deep,  when  such  supply  is  much  less 
than  loo  feet  l>elow  the  surface.  Deep  wells  may  be  regarded  as 
artificial  springs,  as  both  are  subjected  to  the  same  conditions. 

Artesian  wells  are  artificial  springs  formed  by  boring  into  the 
earth  in  a  low-lying  district  surrounded  by  high  ground,  tmlil  a 
layer  of  rock  or  gravel  is  reached,  situated  between  two  im|)er- 
meable  layers  and  containing  water.  The  strata  must  be  socur\'ed 
that  their  outcrop  is  on  a  higher  plane  than  the  surface  of  the 
well.     In  such  cases  the  water  rises  to  the  surface  without  pump- 
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and  its  character  is  determined  by  the  nature  of  the  rocks  in 
ch  the  water  is  found. 
Surface  Waters. — These  comprise  river,  pnnd,  lake  and  sea 
water.     The  water  supply  of  large  cities   is  usually   taken   from 
is  class  of  waters,  and  consists  of  spring  water,  and  rain  water 
hich  has  fallen  upon  a  considerable  surface  of  country.     Surface 
Iters  usually  contain  a  large  proportion  of  organic  and  mineral 
atiers.     Surface  water,  draining  from  a  cultivated  district,  con- 
tains more  organic  and  mineral  matter  than  that  from  uncultivated 
districts,  and  the  character  of  it  is  considerably  influenced  by 
application  of  fertilizers  to  the  land.     River  waters  arp  often  con- 
minated  by  the  discharging  of  sewage  and  refuse  into  them  from 
arions  manufactories  along  their  banks. 
Characteristics    of  a  Good  Drinking  Water. — isi.  It 
should  be  clear  and  limpid.     Clotuly  and  uuiddy  watersbhould  be 
avoided.     2d.   It  should  be  colorless.     A  greenish  or  yellowish 
color  is  usually  due  to  vegetable  or  animal  matter  in  solution,  or 
to  organisms.     3d.   It  should  be  odorless;  especially  free  from 
sulphuretted   hydrogen   or   putrefactive  animal  matter.     4lh.  It 
should  not  be  too  cold,  b\it  should  have  a  tem|)erature  of  from 
&"  C.   (46*F.)  to   15.5°  C.  (60**  F.).     5lh.   It  should  have  an 
agreeable   taste ;  neither   flat,    salty,    nor    sweetish.     A  certain 
amount  of  hardness  and  dissolved  gases  give  a  sparkling  taste. 
t  should  contain  from  25  to  50  c.c.  of  gases  per  liter,  of  which 
lo  10  |>er  cent,   is  carl>on  dioxide,  and   the  rest  oxygen   and 
itrogcn.     The  air  of  natural  waters  is  richer  in  oxygen  than  the 
tmobphere  above  them,  viz.  :  alxnu  33  per  cent,  of  oxygen  and 
r  per  cent,  of  nitrogen,  when  the  water  is  fully  saturated,  which 
not  always  the  case.     Hiyhly  contaminated  waters  usually  con- 
in  less  oxygen  than  the  above  proportion,  because  it  is  u?ed  up 
oxidizing  the  organic  matter.     6th.   It  should   be  as  free  as 
ibic    from   dissolved   organic    matter,    esi>ecially   of  animal 
gin.     7th.   It  should  not  contain  too  great  an  amount  of  hard- 
90.     A  rerUin  quantity  of  saline  matter  is  necessary,  however, 
give  it  a  good  taste.     It  should  not  contain  over  3  or  4  parts  «f 
lorine  in  100,000  parts  of  water.* 

Sanitary  Water  Analysis. — Wc  have  seen  that  natural 
aiers  arc  never  pure,  but  contaminated  by  various  kinds 
f  foreign  matter  to  which  they  have  been  ex[)osed.  These 
[Hintirsmay  be  harmless  to  the  human  economy,  or  the)  may  be 
ry  harmful.  It  is  the  object  of  the  analyst  to  determine,  as 
early  as  possible,  the  nature  and  amount  of  impurities  found 
a  water,  so  as  to  form  an  opinion  as  to  its  healthfulness. 


lor  vbere  there  ift  saj  *Hpicia«  otfJbar 

Total  KcsidBC. — ^The  amomait  of  rcsidae  left  on  cvapoia- 
tMM  Jgritti,  in  a  erode  «af ,  to  tndicatr  the  anoaat  of  solids  but 
ii  ootf  appronaiale  and  of  no  ngnificaaoe  anlcss  it  reacbes  mofc 
than  50  or  40  grains  per  gaUos.  This  residoe  vill.  of  course. 
vary  with  the  hardaes,  or  tbeaBOont  of  nloUe  ooastitiients  in 
the  «oil.  By  heating  the  soltds  to  a  dull  red  heat  ve  cx\x\  all 
volatile  aod  ofgank  matter,  incloding  the  water  held  by  the  caU 
ciiiro  »iilphaie  at  the  temperature  of  100*  C.  (the  temperalure 
grnrratly  useti  in  drying  the  residue),  some  carbon  dioxide  from 
carboru(r«,  and  oxides  of  nitrogen  from  nitrates  and  nitrites, 
fhc  rcfiduc  left  after  ignition  gives  a  rough  idea  of  the  mineral 
matten  present,  and  the  loss  on  ignition  should  ne\'cr  reach  50 
per  cent,  of  the  totil  residue. 

Something  may  l»e  gained  by  observing  the  color  of  the  residue 
ler'l  on  cvii[Kiration,  which  shouM  be  of  a  pure  white  color.  It 
nh'julii  Mjcken  but  very  little  on  heating,  and  should  give  off  no 
filiiicn  Tlir  rwidiie  oflind  waters  blackens  very  considerably,  or 
jClvrti  ofT  ihr  odoi  of  luirning  horn,  or  of  nitrous  fumes. 

Chlorine  in  poi.ililc  waters  is  very  largely  derived  from  the 
nodriiui  aiitl  iMJta»Aiiim  chlorides  of  urine  and  sewage.  The 
uvcraj^r  ainoiint  ol  chlorine  in  urine  is  not  far  from  5  |>arts  per 
loco,  or  500  |>arts  in  100,000  i)arts  of  water.     The  average  found 
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is  about  1 1.5  fiartii  per  100.000.     Over  5  parts  of  chlo- 
\t€r  100,000  may  be  considered,  in  most  cases,  to  be  due  to 
illiition  of  the  water  !iy  sewage  or  animal  excretions.     This  will 
modified  by  the  chlorine  found  in  the  purest  waters   of  the 
same  class  of  that  district.     The  source  should  always  be    taken 
into  account  in  judging  of  thcrfjuality  of  a  water.     Proximity  to 
the  sea  does  not  materially  affect  the  amount  of  chlorine  in  well 
, waters.     Too  much  dependence  should  not  be  placed  upon  the 
lount  of  chlorine  in  the  water  as  a   means  of  judging  of  its 
^purity,  for  vegetable    matter   may   exist   in  dangerous  quantity 
without  its  presence  being  indicated   by   the   chlorine   i)resent. 
^^^hlurine  is  estimated  by  a  standard  solution  of  argentic  nitrate. 

^^B  This  solution  is  prepared  by  dissolving  4.8022  grm.s.  of  crystnllizcfl  silver 
^^klniie  in  a  liter  of  water.  Each  c.c.  of  this  solution  will  precipitate  o.cx)! 
^^nm.  of  chlorine.  100  c.c.  of  the  water  under  examination  U  measured  out 
^^Blto  a  beaker,  just  enough  potassium  chromate  i^  added  to  give  a  di!»tinct  yel- 
^Hbw  tint,  and  then  (he  abore  silver  solution  i^  run  in  from  a  graduated  burette, 
a  few  dropi  at  a  lim^.  until  a  slight  red  tint  appean,  showing  that  the  chlorine 
ha«  been  precipitited  and  that  the  silver  ts  beginning  to  pm-clpilate  the  chromic 
a.*-  '  -'  -- '  -tlver  chromatc.  From  the  amount  of  silver  solution  used  we  may 
(e-'  i-ite  the  amount  of  chlorine  present,  for  l  cc.  of  the  silver  solution 

I  milligram  of  chlorine.     The  numlier  of  c.c  of  the  silver  solu- 
in  u^ed  multiplied  by   10  will   give  the   mgrms.  of  chlorine  in  i    liter  of 
pjier,  or  the  pxrtA  per  million.     N\nth  many  natural  waters  it  is  best  to  evapor- 
Ic  o(T  about  half  the  volume  before  titration. 

Hardness. — The  hardness  of  water  is  produced  principally 
>y  the  ai  id  carbonates  and  the  sulphates  of  calcium  and  magne- 
ium.  The  acid  carbonates  are  decomposed  by  boiling,  and  the 
ictitral  salts  precipitated  :  — 

QiH,(CO,),  =  CaCO,  -f-  H,0  +  CO,. 

Hardness  due  to  these  salts  is  called  "temporary,'*  while  that 

Itjc  to  the  sulphates  of  these  metals  is  called  "  permanent." 

The  hardness  of  water  seems  to  iiave  little  or  no  influence  upon 

health  of  those  who  use  it.     Temporarily  hard  waters  may 

softened  by  adding  lime  in  sufficient  quantity  to  neutralize 

cxcfss  of  carbonic  acid  in   the  water,  when  the  carbonate 

['iCOj)  or  (MgCOj)  is  formed,  which  settles  to  the  l>ottom. 

"he  alkaline  carl>onates  fNijCOj)and  (K,CO,)  may  be  used  to 

rccipiiaie  permanent   hardness  and   soften  the  water.     Wood 

which  contain  the  latter  of  these  salts,  is  frequently  used 

therwomen  to  soften  water  for  washing  clothes. 

'ftardness  is  estimated  by  means  of  1  standard  solution  of  soap. 

hiuxy  samples  of  water  possess  both  temporary  and  permanent 
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hardness,  and  sometimes  it  is  desirable  to  estimate  them  se 
atcly.  For  this  purpose  the  total  hardness  is  es'imated  in  one 
aample,  and  the  hardness  in  another  sample  is  determined  alter 
boiling  and  separating  the  temporary  hardness.  The  difference 
of  the  two  gives  the  temporary  hardness.  When  soap  is  added 
to  a  hard  water,  the  calcium  and  niBgnesium  salts  are  precipitated 
according  to  the  following  equation  : 

JI-Ca(CO,),  f  aNaC^H^O,  =  CaiCj.H^O,)^  -f-  NSCO,  H,0  -f  CO,  ur 

CHlciun  Sodium  ateai  ale.       Calcium  Stearate.  Sodium 


AcidCubntiNte. 

Caltiiim 
Sulphnle. 


Carlmmte. 

Sodium  Stearale.        Calcium  Stearslc.         Svuuim 

Sulphate. 


The  calcium  stcarate  in  both  cases  is  precij)itaied  as  a  white 
curdy-lilce  mass.  The  hardness  is  estimated  by  taking  advantage 
of  these  reactions.  There  is  re(]uired  for  the  estimation,  a  standard 
solution  of  soap  made  as  follows:  lo  grams  of  shavings  from  a 
new  cake  of  air-dried  rastile  soap,  are  dissolved  in  a  liter  of  about 
60  per  cent,  alcohol.  Kilter  if  not  clear,  and  keep  it  in  a  tightly 
stopi  ered  bottle.  To  determine  the  strength  of  the  soap  solution, 
dissolve  exactly  1  gram  of  pure  CaCO,  in  a  little  HCl,  neutralise 
with  ammonium  hydroxide,  and  add  suflicient  water  to  make  1 
liter.  I  c.c.  of  this  solution  will  contain  the  equivalent  of  o.ooi 
gram  of  calcium  carbonate.  Measure  out  10  c.c.  of  this  solution 
into  an  8  oz  glass-stopj  ered  bottle,  add  about  90  c.c.  distilled 
water, and  run  in  thesoap  solution,  drop  by  drop,  from  a  burette, 
shaking  after  each  addition,  until  a  lather  is  formed,  which 
remains  for  five  minutes.  Note  the  number  of  c.c.  of  soup  solu- 
tion used,  and  calculate  the  amount  of  calcium  carbonate  pre- 
cipitated by  I  c.c.  of  the  soa])  solution  as  follows.  We  now 
repeat  this  experiment  with  100  c,c.  of  pure  distilled  water. 
The  atnount  of  the  soap  solution  required  to  produce  a  perma- 
nent lather  in  the  distilled  water,  must  be  deducted  from  the 
amotmt  ii?ed  in  the  above  test,  llsnally  it  will  not  be  far  from 
one-half  to  one  c.c.  The  lo  c.c.  of  the  solution  of  CaCOj, 
used  in  the  above-mentioned  test,  contained  the  equivalent  of  10 
mgrms.  of  CaCO,.  Suppose,  in  the  above-mentioned  test,  9,$ 
c  c.  of  the  soap  solution  were  used  to  produce  a  ]>ermanent 
froth  and  0.5  c.c.  were  re<iuired  by  the  distilled  water.  Then 
8  c.c.  were  used  lo  precipitate  the  o.  lo  gram  of  CaCOj.  Each 
1  c,c.  of  this  solution  precijjitated  }i  of  10,  or  1.25  mgrms.  of 
CaCO,. 

The  estimation  of  the  hardness  of  a  water  is  conducted 
exactly  as  the  above  process  for  standardizing  the  soap  solution, 
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except  that  loo  c.c.  of  the  water  under  examination  is  placed 
in  an  8  oz.  bottle  and  the  soap  solution  run  in  from  a  burette 
until  a  permanent  lather  is  obtained.  Read  off  the  numt>er  of 
c,  c.  ol  5oap  solution  added,  and  multiply  this  by  lo,  which  will 
give  the  hardness  reckoned  as  CaCOj  in  mgrms.  per  liter,  or 
parts  |)er  million.  The  hardness  of  waters  varies  so  much  that 
no  average  can  be  given.  A  water  that  does  not  contain  more 
than  56  (»arts  of  hardness  per  million  may  be  regarded  as  soft 
water,  while  one  containing  150  is  a  hard  water. 

Nitrates  and  Nitrites.— These  salts  are  ustially  looked 
ui>on  as  evidences  of  former  contamination  of  a  water  by  nitro- 
genous organic  matter.  The  decomposition  of  organic  matter 
of  animal  origin,  in  waters  containing  dissolved  oxygen,  yields 
nitrous  and  niiric  acids,  which  combine  with  bases  present  to 
form  salts  of  these  acids.  Rain  water  contains  a  small  quantity 
of  these  acids,  but  a  larger  quantity  indicates  that  the  water  is 
undergoing,  or  has  undergone,  a  natural  process  of  purihcation 
from  animal  matters.  This  change  is  partially  due  to  direct  oxi- 
dation, but  more  particularly  to  the  action  of  certain  microor- 
ganisms which  have  the  peculiar  power  of  converting  nitrogenous 
organic  matter  into  nitrites  and  nitrates,  both  in  water  and  in 
soil.  The  process  of  disjosing  of  nitrogenous  organic  matter,  in 
natural  water>,  or  animal  refuse,  is  to  convert  the  nitrogen  into 
ammonia,  then  into  nitrous  acid,  and  finally  into  nitric  acid. 
The  quantity  of  these  compounds  found,  usually  indicates  the 
amount  of  matter  thus  decomposed.  This  purifying  process  goes 
on  n>ore  slowly  in  river  and  lake  waters  than  in  ground  water, 
because  the  ex|>osure  to  oxygen  is  more  complete  while  filtering 
through  the  soil,  than  in  a  body  of  water.  Deep  wells  may  be 
allowed  to  contain  more  nitrates  than  shallow  ones,  for  the  or- 
ganic mailer  may  all  l>e  destroyed  by  filtering  through  the  soil 
into  a  deei^  well,  while  in  the  shallow  one  some  organic  matter, 
germs,  and  s|K»rcs  cajKible  of  causing  disea.se,  may  pass  unde- 
composcd  through  the  shorter  distance.  A  careful  estimation 
of  nitrates  gives,  therefore,  considerable  knowledge  of  the  past 
hisiiory  of  a  water,  and  is  regarded  by  chemists  as  of  great  im- 
portance. 


A  vety  Cfcsy  ami  delicatr  test  for  niirAtcs  nnd  nitrites  in  water  is  the  follow- 
io(^:  Make  a  aolution  xA  Utthfuytamin  in  pure,  strong,  sulphuric  acid  free  from 
fiiific  or  niuous  acids. aa  shown  by  a  diiplicate  test  with  distilled  waCer.adding 
a  Unic  {Hire  water  to  make  a  clear  solution. 

To  the  Aiupected  water  add  one-half  it&  voluiae  of  the  sulphuric  acid,  then 
a  few  dro|i»  of  the  alxjvc  kuluiion.     If  ailiatca  or  nitritcb  arc  pre»ut,  a  deep 
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blue  solution  will  be  fanned  at  once.     This  test  may  be  used  by  any  one, 
will  give  some  idea  of  ihc  safety  of  a  drinking  water. 

To  delect  the  pieseuce  of  uitrites.a  solution  of  melaplicnylendiaxnin  in 
pure  sulphuric  acid  may  be  used,  \^ben  nitrites  are  pic!»ent  the  solution 
assumes  a  yellow  to  brown  color,  according  to  ihe  quontiiy  present. 

If  tu  too  c.  c.  of  water  we  add  I  c.  c.  each  of  a  Ksturated  solution  of  nopb- 
tliylamin  chloride,  sulphanilic  acid,  and  diluted  hydrochloric  add  (i  to  3  of 
water)  there  appears,  if  nitrites  are  present,  a  pink  color,  the  inleosity  of  wUch 
is  pro^^iorlional  tu  the  cjuanlity  present. 

K  quantilatht  titimalioH  of  the  nitrites  requires  the  followinf*  reagents : 
I.  Sulphanilic  acid.  I  grni.,  dissolved  in  100  c  c.  of  hot  water.  2.  Napbthol- 
aniin  hydruclili-TOte,  0.5  gini.,  dissolved  in  100  c.  c.  of  boiling  water,  kept  in  a 
glaits-stoppered  bottle,  with  a  little  pulverized  carlxtn  added  to  decolorize  the 
solution.     Filter  or  decant  fruro  the  carlwn  when  required  for  use. 

3.  Dissolve  .275  grm.  of  dry  silver  nitrite  in  hot  water,  add  a  slight  excess 
of  sodium  chloride  and  dilute  with  pure  water  to  350  c.  c.  After  the  silver 
chloride  hns  settled,  remove  10  c.  c.  of  the  clear  solution  and  dilute  with  water 
to  100  c.  c.  One  c.  c.  of  this  solution,  which  is  used  in  the  analysis,  is  equiva- 
lent to  ,01  mgrm.  of  nitrogen. 

The  process :  too  c.  c.  of  the  water  is  placed  in  a  cylinder,  previously 
cleansed,  and  two  drops  of  strong  hydrochloric  acid  added.  Add  1  c.  c.  of 
the  hulphanilic  acid  solution,  followed  by  1  c.  c.  of  the  solution  of  nnphlhal- 
amin  hydrochlorate.  Mix  and  cover  to  exclude  dual,  nnd  let  stand  fur  thirty 
minutes.  One  c.  c.  of  the  standard  nitrite  solution  (No.  3)  is  placed  in  another 
glass  cyhndcr,  water  free  from  nitrites  is  added  to  make  100  c.c,  and  the  whole 
treate<l  with  the  ttome  reagents  as  the  above.  At  the  end  of  a  half-hour  the 
two  solutions  are  compared.  The  colors  are  brought  lo  the  same  tmt  by  dilut- 
ing  the  darker,  and  the  cakulalion  made  as  to  the  amount  of  nitrogen,  as 
nitrite,  in  the  loo  c.c.  .Supj«js.e,  for  example,  tlie  100  c.c.  of  the  water 
requites  dilution  to  125  c.c.  in  order  to  make  this  tint  agree  with  that  produced 
by  I  c.c.  of  the  standard  sodium  nitrite  solution,  which  contains  .01  mgiin.  of 
nitrogen  ns  nitrite;  then  too  :  125  ;  :  ,01  ;  x  =:  .0125.  That  is,  the  water 
contains  in  100  c.  c.  .0125  mgrm.  of  nitrogen  in  the  form  of  nitrites,  or  .125 
mgrm.  per  liter,  or  .125  parts  per  t, 000,000.  Leeds  places  the  limit  for  Amer- 
ican rivers  at  .03  per  100,000,  and  Mallet  places  the  average  in  good  waters  at 
about  .014  part  per  million.  When  the  quantity  exceeds  .02  in  ic»o,ooo  it  is 
considered  a.<>  indicating  previous  contamination  by  organic  matter  whose  nitro- 
gen has  been  converted  into  nitrous  acid. 

The  nitrates  are  c*>timfited  by  acidulating  500  c.c.  of  the  water  with  oxalic 
Rcid,  pouring  half  of  h  inin  each  of  two  wide-mouthed  bottles.  Into  one  of 
these  put  a  copi^r-jtinc  cuuple,  made  by  taking  a  piece  of  sheet  zinc  (4  by 
6  in. ) .  rolling  it  into  a  too»e  coil,  and  imincriing  it  in  a  t  .5  per  cent,  solution  of 
copper  sulphate  until  the  surface  is  covered  with  an  even  layer  of  copper  * 
Curk  both  bottles  and  lei  thcni  stand  for  34  hour^.  Remove  50  c.c.  from  each 
boille  and  Ne<.slcrize  as  directed  under  ammonia.  The  difference  between 
the  two  readings  gives  the  nmrnonta  due  to  the  reduction  of  the  nitrites  and 
nitrates  present.  I'he  nitrngt-n  in  (he  previously  determined  nitrites  must  be 
sublractcd,  when  the  remaining  nitrogcii  will  be  that  from  the  nitrates.     If  the 
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*  Sodium  amalgam  has  been  recommended  instead  of  the  zinc-Cf^per  couple 
for  reducing  the  nitrates  and  uitiiics. 
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nttro^n,  u  nitrates,  exceeds  six  p«it5  per  nuUion,  the  water  is  suspected  of 

tiaviDg  been  pc/lluted. 

Moist  combustion  or  oxygen  consuming  power. — 
By  this  is  meant  the  oxidation  ol  the  organic  matter  lound  in 
a  water,  by  adding  lo  it  a  measured  quantity  of  pota-ssinm  per- 
manganate, with  some  sulphuric  acid,  and  dctern)ining  the 
j^xygen  alworbed  from  this  salt  by  the  organic  matter  present. 

'his  method  cannot  distinguish  between  vegetable  and  animal 
matters,  neither  will  it  measure  the  oxygen  consumed  in  oxidiz- 
ing nitrites  to  nitrates,  or  ferrous  to  ferric  salts.  In  the  presence 
^of    these  salts  it   may  give   erroneous   results.     Most   chemists 

•gard  the  process  as  of  some  value  in  giving  an  idea  of  jirobahle 
jollulion  by  organic  matter,  as  it  has  been  shown  that  dangerous 
organic  matter  is  mure  easily  oxidized  than  that  which  is  harmless. 


The  quantitative  process  requires  the  three  following  solutions:  I. 
assium  permanganate  solution.  It  is  convrnicnlly  made  of  surb 
n^tli  that  t  c.  c.  will  )icldo.i  mgrm.  of  oxygen  for  okidation.  Such  a  siiluiion 
ill  crintam  O.3952  gim.  of  the  %a)t  in  1  liter  of  dtslillcd  water.  2.  Solution 
of  oxalic  acid.  lJiv>olve  0.7875  gnn.  crystallized  oxalic  acid  in  l  liter  of 
water.  One  c,  c.  of  this  solution,  when  titmled  with  the  potassium  permanga- 
c  solution,  in  the  presence  of  »utphuiic  acid  and  uliile  liut.  should  just 
ulorire  1  c.c.  of  j>ctmanganale  solution.  3  Dilute  sulphuric  acid,  I  jiart 
ung  acid  10  3  of  water.  Add  enough  permanganate  solution  to  give  s  faint 
ink  tint  alter  standing  r>>ur  liours. 
Method  of  Procedure. — Mcntiure  700  c.c.  of  the  water  under  exomina- 
n  intM  a  half  liter  tla^k.  ndil  10  c.  c.  of  tlic  diluted  sulpliuric  acid,  and  enough 
the  polab^tum  pcnnaiiganalc  solution  from  tlic  burette  to  give  it  a  marked 
color.  Boil  lor  ten  minutes,  adding  more  of  the  permangaoale  solution 
time  lo  lime,  if  iieccMary,  to  maintain  a  rrd  color  of  about  the  !>ame 
'  y.  KemoTC  Ihc  lamp,  and  lo  c.  c.  of  the  oxalic  acid  solution  lo 
the  color,  and  then  add  more  of  the  potas^iutn  pennaDganste  from  the 
le  until  a  faint  pink  tinge  again  appears.  From  the  total  amount  of 
ngaiiatr  use<l,  deduct  the  10  c.  c.  which  were  used  up  hy  the  oxalic  acid 
hiliun.  The  remainder  will  give  the  amount  of  {lermanganalc  used  by  the 
aler.  or  the  nunibrr  of  mgrma  of  oxygen  actually  alisorl>ed  by  tlie  wnier. 
u  quantity  nmUiplial  by  5  will  gi»e  the  number  of  mgrms.  of  oxjgen 
bed  by  ■  liter  of  water  under  the  al>ove  conditions,  or  the  parts  per 
ilKon.  >^'at<r>  atiMirbing  cnore  than  2  parts  of  oxygen  in  i  million  should  be 
red  osnf  dotiUful  purity.  Tbo*e  containing  5  parts  should  be  regarded, 
anically  impure.  Leeda  gives  as  a  limit  for  American  rivers  from  5  to 
parts  per  roillinn. 
Another  procei^  allows  the  mixture  of  the  water,  acid  and  permanganate  lo 

n  at  the  room  temperature  for  a  longer  time. 

Mt«  *tn|i(K-rcd  bottle*,  tiulding  500  c.  c.  (a  pint),  are  thoroughly  cleansed 

iifa  pure  tiiiphiiric  aci^l.     To  each  add   35^  ^-  '^*  *^^  '1'*^  water  to  he  tested, 

1  10  c,  c.  of  tbe  sulphuiic  acid.     Then  add  varying  amounts  of  the  per- 

ganate  aolutiun,  Miy  3,  4,  6,  8  and  10  c.  c,  res|»eclively.     They  sltould  be 
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iatpected  al  ihc  emJ  uf  i,  2,  3.  4  and  13  houn.  luul  the  efTect  noted.     If  sH 
the  UhiIcs  sh>>uld  l)c  discolored  before  the  end  of  thn  fourth  hour,  10  c.c.  it 
added  to  cacti,  aud  the  result  again  watched.      In  fairly  good  waters  nol  more 
than  the  lirst  2  or  5  will  decolorize  in  4  huuis.     That  is,  3^0  c.c  of  vralerl 
ftbuuld  not  absorb  more  than  t.5  (o  a  mgrms.  of  oxygen. 

This  process  is  simple,  and  rcijuires  little  skill  when  tbe  solations  axe  oaoe 
prepared. 

Ammonia. — The  spontaneous  decomposition  of  organic  mat- 
ter in  water  first  affords  ammonia,  then  nitrites,  and  finally 
nitrates.  This  fact  is  so  generally  conceded  as  to  make  an  eset- 
maiion  of  the  ammonia  found  in  a  water,  a  very  important  part 
of  the  sanitary  examination. 

The  ammonia  is  ^'enerallv  s|>oken  of  as  free  ammonia,  or  more 
pro|>eriy  ammonium  salts;  and  albuminoid  ammonia*  or 
ammonia  from  organic  nitrogen.     The   sanitary  examina- 
tion of  a  water  ^hollld  always  include  a  quantitative  estimation  of  ^ 
the  ammonia  and  organic  nitrogen.  ■ 

The  method  usually  adopted  for  this  pur|)ose  is  that  known  as 
the  Wanklyn  process,  and  is  the  one  which  yields  the  Ixst  results 

The  process  requires  several  solutions  and  considerable  care  in  manipuUtion 
in  order  that  the  results  may  be  reliable,  The  solutiuns  required  arc :  1.  Ness- 
ler's  solution,  made  by  di^soIvin(J  ji^  (p-iiis.  of  |)ota<«sium  iodide  in  100  c.  c. 
of  water,  and  17  grms.  mercuric  chloride  in  300  c,  c.  of  water.  When  solutioo 
is  complete,  add  the  latter  solution  to  the  former  until  a  permanent  precipitate 
is  produced.  Then  dilute  wilh  a  20  per  cent  solution  qI  sodium  hydroxide  to 
I  liter.  Now  add  the  mercuric  chloride  solution  again  until  a  pcrmonctit  pre-  ^ 
cipitute  forms.  Let  Kttic  till  clear,  aiid  decant  and  use  the  clear  soluttcxi.  It  ^M 
impriucs  on  keeping,  oud  will  delect  extremely  minulc  quanlilie*.  of  ammonia. 
2.  Sodium  carbonate.  A  saturated  solution  of  pure  freshly  ignited  sodium 
curlionatc  in  water  tree  from  ammonia.  3.  Standard  ammonium  chloride 
aolutton.  Dissolve  .314  grm-  of  ammonium  chloride  in  100  c.  c.  wMer.  I. 
c.  c.  of  thissolution  is  then  diluted  wiih  99  c.  c.  of  ammonia -free  water.  This 
last  )>o)ulion  will  contain  .00001  grm.  of  ammonia  in  each  c.  c  mid  is  the  solu- 
tion employed  in  the  analysis.  4.  Alkaline  potassium  permanganate. 
Dissolve  S  grms  of  pure  potassium  permanganate  crystals  and  200  grms.  of 
|iut.as!iium  hyilruxidc  in  wntcr  and  make  up  to  a  liter.  'I'hc  solution  is  pul  into 
n  flii^li,  or  rrlorl,  nnd  distilled.  The  distilliiles  arc  collected  and  levied  with 
the  Nesblcr's  solution  until  ihey  cease  to  give  a  rcacliun  for  ammonia,  when 
the  solution  is  ready  for  use.  5.  Water  free  from  ammonia.  A  goo»i  clear 
well  or  hydrant  w&icr  is  treated  with  a  few  c.  c.  of  the  sodium  carbonate  solu. 
lion*  and  distilled  until  a  small  portion  of  the  distillate  shows  no  reaction  with 
Ncsslcr's  test.  The  remainder,  except  the  last  jxirlion,  will  usually  be  found 
to  be  absolutely  free  from  ammonia.  Or,  we  may  add  to  the  water  a  few  drops 
of  "itrnng  sulphuric  acid  ntiLl  (ii>lil,  rejci  ling  the  first  one. tenth  of  the  whole  ^ 
volume,  when  the  remainder  will  usually  be  found  lo  l>e  free  from  ammonia.        H 

The  process.  —  too  c.  c,  of  pure  diiitilled  water  is  put  imo  a  retort  holding   ™ 
alxiul  a  half  liter.     To  this  is  added  3  c.  c.  of  the  sodium  carbonate  soluliou. 
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The  retort  is  connected  wiih  a  Liehig's  condenser  by  an  air-tight  joint  made 
by  A  piece  of  black  rubber  tubJny  ol  large  calibre  drawn  over  Tiolh  ibc  retort 
and  ronden&cr.  The  t>eak  of  the  rrtorl  i^  bent  nt  such  an  angle  tlmt  the  lower 
end  may  be  attached  to  lie  block  tin  tube  of  the  condenser,  as  vhown  by  Fig. 
5a.  A  lamp  is  now  brought  under  the  retort  and  the  water  rnpidly  Ujiled 
until  10  c  c.  of  it  ^hows  no  rrnclion  with  Newsier'*  reagent.  loo  c.  c.  of  the 
water  under  examination  is  now  put  Into  .the  retort  by  means  of  a  funnel,  and 
le  boiling  contiaued  slowly,  removing  the  diMillale  when  10  c  c,  are  collected. 
Tour  dutillates  of  10  c.  c.  each,  usually  contain  all  the  ammonia  cxiMtng  in  the 
rater  as  Mhs  of  ammonia.  Many  f^trcfcr  to  ose  500  c.  c.  of  the  water  instead 
100  c.  c.  and  distil  ofT  50  c.  c.  oif  llie  solution  for  Nesslert2it>g.     The  author 


prvfers  ihr  •mailer  quantities,  using  smaller  lubes  graduated  at  10  c.  r.  The 
prtxvM  of  NcMleri/ing  is  conducted  as  follows:  05  c.  c.  of  the  Nesslei's 
soluiioo  i»  mrasuretl  into  each  of  the  four  distillates  and  mtvcd  by  agitation. 
TI1C  weaker  ammonia  solution  i<)  now  added  to  lO  c.  c.  nf  the  ammonia  free 
wBtrr  in  aftfitber  cylinder,  until  the  color  )<r«>duced  with  0.5  c.  c.  of  Ncsslcr's 
solulioa  i«  e<|ual  to  ihni  in  (lie  liist  diftliltate  removed.  Kach  distillate  is  inii- 
taird  by  a  known  amount  of  ammunia  in  the  same  volume  of  litjuid,  Sitme 
chemists  rrawnmeii<l  t*>  add  '  j  of  ibut  found  in  the  firei  di»lillale  as  an  HTerage 
amount  i-i  hr  fonnd  in  the  remaining  ones.  When  about  40  c.  c.  hnve  dl^tttlrd 
t>v(T,  the  tamp  is  removed  and  10  c.  c.  of  the  alkaline  permanganate  solution  it 


146 


MGDICAl.    CHEMISTRV. 


quantity,  then    the 


ammonia   tiecotnes  suspicious  of  contamination  wh?n  it  rrachtt 
no.  per   liter.     An   opinion   should  not  l>e  fonnulated,  however. 


added  to  the  retort,  and  the  dislillalion  slowly  continued,  setting  a<>ide 
distillate  when  lo  c.  c.  are  collected.  These  distillates  ore  again  N«&]enX(d 
a<i  in  the  ca»e  of  the  hr:»t  dtslilLiLe.  The  color  of  each  cylinder  is  imitated  in 
other  cylinders  with  a  known  amount  of  ammonia  and  the  amounts  so  obtained 
are  aiJdcd  together  tu  obtain  the  total  amount  of  ammonia.  After  a  little 
practice  it  will  be  easy  to  imitate  the  culor  of  any  distillate  hy  thi*  prtKcss,  It 
is  necessary  to  note  nut  only  (he  absolute  quantity  of  albuminoid  ammonia, 
but  the  rapidity  with  which  it  is  set  free  and  distilled  over.  If  il  comes  very 
rapidly,  it  indicates  that  the  organic  mailer  Js  in  a  putrescent  or  decorapc^anir 
condition,  if.  on  (he  other  hand,  the  ammonia  distils  gradually,  it  indicales 
the  presence  of  organic  matter  in  a  comparative  stable  or  fresh  condition.  It 
is  best,  therefore,  to  keep  the  record  of  each  distillate  so  that  the  rapidity  with 
which  the  ammonia  is  :ict  free,  as  well  as  the  actual  amount,  may  be  known. 
If  tlic  water  yields  no  albuminoid  ammonia,  il  is  free  from  recently  added  or- 
^nic  contamination.  Usually,  however,  it  (^ivrs  a  very  snuill  amount.  If  it 
contain  more  than  o. l  mgrm.  per  liter,  the  water  is  looked  upon  as  susjuciou-s, 
and  it  l-i  be  condemned  when  it  reaches  ,15  mRmi.  per  liter,  or .  15  part  per 
million.  If  free  ammonia  is  present  in  a  considerable 
albuminoid 
over  .Oj  m 

without  a  knowledge  of  the  stiurre  nf  the  water  examined.  Free  ammonia 
may  exist  in  larger  quaniiiies  in  some  deep  wells  without  denoting  dangeroiis 
cuiitaniinatioii. 

Biological  Examination  of  Water. — In  recent  years  it 
has  been  custuntary  to  dett.*nniiie  the  nature  and  number  of  the 
mirro-organLsms  in  water  by  the  well-known  liacteriotogical 
methods 

Surface  waters  and  many  well  waters  contain  a  variety  of  living 
organisms  which  may  be  e.isily  discovered  by  the  aid  of  a 
microscope;  such  as  the  daphins,  cyclopS*  dcsmids,  algae, 
rotifcrae,  amoebae,  etc.  Tliese  organisms  feed  n^ostly  on  sus- 
jKinded  organic  matter,  and  are  not  rejjarded  as  esjiecially  harm- 
ful, except  in  the  case  of  the  entozoa.  Dis.solved  organic  niatter 
in  a  state  of  deconaposition  is  generally  indicated  by  the  smaller 
bacteria. 

The  princifKil  object  in  view,  in  these  examinations,  is  to  de- 
termine the  number  of  organisms  in  a  given  volume,  i  c.c.  of 
the  water,  and  if  possible  to  determine  the  character  of  these 
organisms.  The  cultivation  of  the  organisms  requires  care  and 
skill,  and  is  even  then  o[^en  to  great  riuestion  as  to  the  value  of 
the  results.  Pathogenic  bacteria  have  rarely  been  found  by  this 
method,  and  the  chemical  methods  are  still  relied  upon.  While 
much  is  to  |je  ho|)ed  for  in  the  future,  the  process  has  not  thus 
far  given  results,  which,  taken  alone,  can  replace  the  older 
chemical  methods  above  referred  to. 

We  have  thus  briefly  outlined   the  methods  in  use  for  testing 
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drinVing  waters,  for  the  purpose  of  giving  the  student  some 
knowledge  of  the  subject,  without  going  into  tedious  details, 
which  are  intended  only  for  the  chemist,  and  which  do  not  come 
within  the  •uo\m;  of  this  work. 

Purification  of  Water. — Water  may  be  sejxirated  from 
intended  impurities  by  filtration,  i.  <-.,  by  passing  it  through  any 
»roiis  sul>stance  not  soluble  in  water,  as  clay,  sand,  charcoal, 
(rick,  unglazcd  earthenware,  unsized  paper,  etc.  For  filter- 
ing large  quantities  of  water  for  cities  or  manufactories,  sand 
^or  brick  is  to  be  preferred.  For  filtering  water  for  family  use,  a 
ick  partition  two  or  four  inches  thick,  built  from  wall  to  wall, 
in  a  cistern,  works  welL  The  water  is  delivered  in  one  apart- 
ment and  pumped  from  the  other  for  use.  (^r,  a  barrel  in  the 
bottom  of  which  several  holes  are  bored,  may  l>e  filled  with  alter* 
nate  layers  of  gravel,  sand  and  charcoal,  and  placed  over  the 
luth  of  the  cistern  or  reservoir,  through  which  the  water  may  l>e 
HtcTed.  Such  a  filter,  when  freshly  made,  will  remove  a  part 
»f  the  dissolved  or>ianic  matters  as  well  as  suspended  matters, 
he  silicated  carbon  filters  found  in  the  market,  made  of  pul- 
Ttzed  cartK>n  and  cement,  are  much  neater,  and  will  also,  when 
\  oxidize  a  portion  of  the  dissolved  organic  matter  in  passing 
le  water  through  them.  Porous  stone  fillers,  made  from  asilic- 
lus  stone,  are  to  be  found  in  the  market,  which  filler  rapidly  and 
TV  satisfactorily.  Spongy  iron  filters,  made  by  roasting  hema- 
tite with  coal,  are  slil!  more  active  in  destroying  organic  matter 
and  putrefactive  germs.  But  few  of  the  various  forms  of  com- 
^Bpercial  filters  remove  micro-organisms  from  water;  on  the  con- 
^^pary.  many  of  thrm,  after  being  used  for  a  short  time,  liegin  to 
^Kontaminate  the  water  with  micro^opic  organisms  which  they 
^Hiarbor  in  their  pores.  Fitters  made  of  unglazed  porcelain  are 
^^Bow  made  which  will  remove  micro-organisms  from  solutions. 
^^Sand  filters  arc  most  efficient  for  filtermg  large  rjuantities  of 
water  for  the  supply  of  cities. 

In  Bonw  cities  a  process  of  ** scouring,"  or  agitation  of  the 
tier  with  angular  sand,  is  practised.     In  others  there  is  em- 
ployed a  combination  of  a  precipitant  of  the  organic  matter  and 
lltntJon.     The  precipitants  are  either  aUmi  or  a  ferric  salt.    The 
iyalt  and  National  systems  o[>erale  on  this  principle,  and  are 
lid  lo  be  efficient,  where  the  amount  of  water  to  be  treated  is 
loo  great.     In  the  Anderson  system  the  water  is  ai(itated 
ith  iron  borings,  in  a  revolving  iron  cylinder,  which   forms  a 
;rtain  amount  of  ferrous  carbonate  from  the  carbonic  acid  of 
le  water.     The  temporary  hardness  is  thus  largely  removed  by 


149 


MEDICAL    CHEMISTRY. 


removal  of  the  carbonic  acid.     On  exposure  to  air  the  ferrom 

carbonate  is  oxidized  and  ferric  hydroxide  is  [precipitated. 

aFeCO,  +  O  -f  3HjO=Fe,(OH),  +  2CO,. 

The  water  is  then  Altered  throngh  sand.  The  organic  matter 
is  largely  removed  by  this  process,  as  is  shown  by  analysis,  ami 
the  organisms  as  well.  The  time  of  contact  of  the  water  and 
iron  is  about  3  or  4  minutes.  This  process  has  been  tried  in 
some  large  cities  and  is  highly  spoken  of. 

Organic  matter  may  be  largely  remuved  from  water  by  precipi- 
tation with  alum  or  ferric  chloride.  When  alum  is  added  to  a 
walcr,  il  is  decomposed,  with  the  formation  of  a  hydroxide  which, 
I  sit  setlles,  carries  down  with  it  all  suspended  matters  and  a 
large  part  of  the  dissolved  organic  matter  and  microorganisms, 
Krom  one  to  two  grains  to  the  gallon  is  sufficient.  Ferric  salts 
behave  in  a  similar  manner  Filtration  throtigh  granulated  iron, 
kept  clean  by  agitation,  and  afterward  filtering  through  sand, 
serves  to  remove  a  large  part  of  the  organic  matter  and  microbes. 

We  have  already  referred  to  methods  of  precipitating  the 
hardness  from  water.  Distillation,  as  a  means  of  purifying 
water,  has  aleo  been  referred  to.  Freezing  purifies  water,  and 
removes,  to  a  considerable  extent,  mineral  as  well  as  organic 
matter ;  but  freezing  cannot  make  a  dangerous  water  safe.  Numer- 
ous instances  show  that  disease  may  be  communicated  as  surely 
by  ice  as  bv  unfrozen  water. 

Mineral  Waters.— Ihider  this  name  are  included  such 
waters  as,  from  some  dissolved  substances,  have  a  greater  or  less 
therapeutical  value.  These  vary  so  much  in  the  character  of  the 
dissolved  substances,  that  no  exact  classification  of  them  can  be 
made;  but  ihev  may  I'e  roughly  classified  as  follows:  — 
ist.  Carbonated  Waters,  those  which  are  charged  with  car- 
bon ilioxide  or  carbonic  acid. 
2d.  Sulphuretted  Waters,  those  which  contain  sulphides  of 
hydrogen,  or  one  of  the  alkaline  metals,  in  notable 
*  quantities.     They  are  used  for  baths  as  wellas  for  drink- 

ing. 
3d.  Alkaline  Waters,  thosccontainingconsiderable quantities 
of  carbonates  or  bicarbonalcs  of  the  alkaline  metals — 
sodium,  potassium,  or  lithium. 
4th.  Saline  "Waters,  thuse  containing  the  neutral  salts,  such 
as  the  chlorides,  bromides,  or  iodides  of  the  alkalies  or 
alkaline  earths. 
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Chalybeate  Waters,  those  containing  some  one  of  the 
compoiinJs  of  iron.    Closely  allied  with  these  in  proper- 
lies  are  those  containing  manganese. 
Acid  Waters,  those  containing  free  mineral  acids,  such 

as  hydrochloric  or  sulphuric  acids. 
Thermal  Waters.,  or  such  as  come  to  the  surface  at  a 
temjieraliire  above  that  of  ao°  C<     (68**^*.).     Some  of 
these  springs  contain  so  little  mineral  matter  as  to  Ite  of 
no  importance  ;  the  only  value,  if  any,  being  in  ihc  tem- 
ftcratiire.      They  are  ascd  princijially  for  baths. 
OfBcial  Forms.— Aqua.     Natural  water  in  the  purest  at- 
Lainable  state.     Aqua  destillata.     Take  of  water  looo.vols.  ; 
^distil   loo  vols.,  reject,  then  distil  Soo   vob.     (U,  S.  P.)     The 
^^transparency  or  color  of  distilled  water  should  not  be  affected  by 
^Hime  water;  nor  by  H,S,  BaCL,  AgNO,,  or  (NH,),CjO,,  etc. 
^K^  The  term  aqua,  in  the  V.  S.  P.,  is  used  to  designate  a  solu- 
^^tion  of  a  ^;3.seous  or  volatile  body  in  water,  as  aqua  ammonisc, 
aqua  chlori.     A  Liquor  is  a  holution  of  a  fixed  or  solid  iKxly, 
as  Liquor  Ferri  Nitratis  ;  Liquor  Plumbi  Subacetatis. 
A  Decoction  is  a  solution  made  with  boiling  water,  usually  of  a 
^v  vcgeiablt:  product.     An  Infusion  is  a  solution  formed   by  suh- 
^Kccting  the  body  for  a  short  time  to  either  cold  or  warm  water. 
Maceration  is  the  long-continued  action  of  water  at  the  ordi- 
nary tcmi>craturc.    Digestion  is  the  same  with  hot,  but  not  boil- 
ing water.     Lixiviation  or  leaching  is  the  process  of  pouring 
l^ater  through  a  |xfrous  mass  of  any  substance,  for  the  i)uri)ose  of 
]dift*olving  out  '■oluhle  matters. 

Physiological  Use- — Water  exists  in  all  the  tissues  of  the 
►dy,  and  in  all  fofxls  and  drink.  A  healthy  adult  takes,  on  an 
iverage.  about  2.5  liters  of  water  in  34  hours;  and  loses  by  the 
:in,  lungs,  kidneys  and  faeces  a  little  more  than  this;  the  excess 
»ming  from  the  oxidation  of  the  hydrogen  of  the  food  and 
tnd  tiiiiues.  Water  constitutes  from  65  to  70  per  cent,  of  the 
-whole  body,  being  in  sUghily  larger  proportion  in  the  young  than 
in  the  adult  body.  The  water  in  the  tissues  serves  as  a  solvent 
^Kfor  (he  various  proximate  principles  intended  as  nourishment  for 
^Blhe  tissues,  or  conjing  from  their  waste,  and  intended  for  excre- 
^Mion.  The  eva[>oraiiun  from  the  skin  serves  to  carry  off  the 
^HlnficrflMoiLs  heat  of  the  body. 

^■^  Hydrogen  Dioxide,  Hydrogen  Peroxide  (H,Oj,),  Aqua 
^PHydrogenii  Dinxidi,  U.  S.  P. —  \Uc  simplest  way  of  preparing  a 
^  diluted  solution  of  H,0,  is  to  p  ssa  stream  of  CO,  through  water 
containing  barium  [>eroxide  in  suspension. 
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BaO,  -(-  CO,  +  H,0  =   BaCO|  -f-  H,0,. 

The  insoluble  barium  carbonate  may  be  .separated  by  filtration, 
best  through  asbestos  filters  This  solution  may  then  be  concen- 
trated by  evaporation  on  a  water  bath,  without  ranch  decomposi- 
tion.    In  fact  it  is  more  stable  than  formerly  sup|»osed. 

The  commercial  solutions  usually  contain  about  three  per  cent. 
of  H,0,.  Ethereal  solutions  are  sold  containing  5  and  25  |)ercent. 
In  its  purest  form  it  is  a  syrupy,  colorless  liquid,  having  an  odor 
resembling  that  o(  chlorine  or  ozone,  and  a  tingling  metallic 
taste.  It  is  still  liquid  at  —  30**  C.  ( — 22°  F  ).  but  at  a  tempera- 
ture of  100°  C.  (212^  F.)  it  changes  rapidly  into  water  and 
.oxygen.  This  change  takes  place  slowly  at  ordinary  temperatures. 
In  diluted  solution  it  is  much  more  stable,  and  may  be  boiled 
without  suffering  decomposition.  The  solutions  of  this  substance 
are  decomposed  by  many  tine  metallic  powers.  In  most  of  its 
reactions  it  acts  as  an  oxidizing  agent.  Argentic  oxide,  however, 
is  reduced  to  the  metallir  slate  by  it. 

Tests. — To  the  suspected  solution,  add  a  little  starch  solution, 
then  some  potassium  iodide,  and  fmally  a  few  drops  of  a  solution 
of  ferrous  suljihate.  If  any  hydrogen  peroxide  be  present  a  blue 
color  will  appear.     Very  delicate. 

Uses. — Oxygenated  water,  or  hydrogen  dioxide,  is  used  as  a 
bleaching  agent  for  the  hair  and  skin,  converting  brunettes  into 
blondes.  It  is  often  used  to  renovate  old  pictures,  the  whites  of 
which  have  become  dingy.  It  has  been  used  as  a  disinfecting 
application  to  ulcers,  in  oz?ena.  diphtheritic  and  scarlatinal  sare 
throats,  or  where  the  mt-mbrane  lias  invaded  the  nose.  It  is  also 
used  as  a  test  for  pus  in  urine,  with  whii.h  it  causes  an  effer- 
vescence. Mixed  with  etht^r,  it  forms  the  so-called  '*  ozonic 
ether,"  used  with  tincture  of  guai;icum  as  a  test  for  blood  color- 
ing matter,  with  which  they  strike  an  indigo  blue  color. 

OXYGEN  COMPOUNDS  OF  THE  ELEMENTS  OF  THE   CHLORINE  GROUP, 
OR  GROUP  VII. 

Fluorine  forms  no  oxides  or  hydroxides. 

Chlorine  and  Oxygen. —  There  are  several  oxides  of  chlorine 

known. 

CI3O,    Hypochlorous  Oxide  or  Anhydride. 
CI3O1.  Chlorous  Oxide  or  Anhydride. 
Cl,0,,  Chloric  Tctroxide. 

They  are  all  unstable  compounds,  very  prone  to  decomposition, 
and  of  little  importance. 
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iypochlorous  Anhydride,  C1,0,  obtained  by  acting  iii>on 
mercuric  oxide  with  drv  chlorine,  is  a  blood  red  mobile  liquid 
below  3to*=*  C-  (68**  F.).  ' 

K  HgO  +  2a,  =  HgO,   f  0,0. 

"  Above  this  temperature  it  is  a  yellowish,  pungent,  gas,  resem- 
bling chlorine  in  many  of  its  propenics.  It  is  a  more  powerful 
pleaching  and  disinfecting  agent  than  chlorine,  owing  to  the  ease 
^Bth  which  it  decomposes.  Water  dissolves  200  times  its  volume 
oT  it.  forming  a  colorless  solution  of  hypochlorous  acid.  It 
sometimes  decomposes  with  a  slight  jar.  or  even  spontaneously, 

Kh  the  separation  of  chlorine  and  oxygen.  Hy[>ochlorou5 
d  is  unimportant,  but  it  forms  a  series  of  salts  called  hypo- 
chlorites. A  solution  of  the  sodium  salt,  liquor  sodae  chlo- 
ratae  (C  S.P.).  ([>abamque's  solution),  potassium  hypochlorite, 
liquor  potassii  chloratae.  and  calcium  hy|>ochloritc,  occurring 
in  chlorinated  lime,  arc  the  most  important  compounds. 

Chlorous  Anhydride,  Cl,Oj,.  may  be  formed  by  treating 
potassium  chlorate.  KCIO,,  with  diluted  nitric  acid  in  the  pres- 
ence of  arjenious  oxide.  It  is  a  greenish-yellow  explosive  gas, 
soluble  in  water,  wiih  which  it  unites  to  form  chlorous  acid, 
HCIO,.  a  very  unstable  body  which  has  not  been  isolated,  but 
which  forms  chlorttes.      None  of  these  salts  are  of  importance. 

Chloric  Tctroxide,  CI,Oj,  may  he  obtained,  as  a  yellow 
explosive  gas,  by  ireatmg  jxitassium  chlorate  with  strong  sul- 
phuric acid.  It  IS  a  |K>werful  oxidizing  agent.  Below  —  20°  C. 
B^4^  F.)  it  is  an  orange-red  liquid.     It  forms  no  corresponding 

Chloric  Acid  (HCIO,)  and  perchloric  acid  (HCIO,)  are 
also  known,  but  are  very  unstibic,  and  like  those  before  men- 
tioned, are  jxjwerful  oxidizing  agents.  Pota.ssium  chlorate  is  the 
onlv  salt  of  note,  which  will  be  described  under  potassium. 

Bromine  and  Oxygen. — No  oxides  of  bromine  are  known. 

tcre  are,  however,  three  acids  known,  corresponding  to  those 
chlorine.  They  arc  hypobromous  acid,  HBrt>,  bromic 
id,  HUrO,.  and  perbromic  acid,  HBrO,.  They  are  of 
little  im|X3rtance.  and  but  one  5;ilt  of  the  three  acids  is  of  interest 
to  the  piivsician.  and  that  is  sodium  hybromite,  NaUrO,  used 
as  A  reagent  for  the  estimation  of  urea,  li  is  prepared  in  solu- 
m  by  adding  bromine  to  a  solution  of  sodium  hydroxide,  taking 
to  keep  the  mixture  cool  by  immersion  in  cold  water. 

3NaOU  -f  Dr,  =  NaOBr  -j-  NaBr  -f-  H,0. 
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Iodine  and  Oxygen. — There  are  three  or  four  unimporta 
and  HI. stable  oxides  of  iodine  known  1,0,,  KOg,  and  ]>ossi 
\fly  Two  oxygen  acids  are  known,  iodic,  HIO3.  and  periodic, 
HIO,.  The  first  is  obtained  by  treating  iodine  with  nitric  acid, 
and  the  second  by  passing  chlorine  through  an  alkaline  solution 
of  sodium  iodate. 

The  first,  when  r>ure,  appears  as  a  white  crystalline  solid,  and 
the  second  as  colorless  crystals.  Both  are  very  soluble  in  water, 
are  easily  decomposed,  and  form  corresponding  salts. 


Sp. 


SULPHUR. 

gx.  a.     Density  of  vapor,  3a.     Melts  at  1x5°  C.  (239°  F-)     Den- 
sity of  vapor  at  500°  C,  (932"  F.)  —  95.94  =  S,.  at  1000°  C 
(tS3i°  F.)  =  31.98  =  S5. 

Occurrence. — Sulphur  was  known  to  the  ancients.     It  oc- 

Fic.  53- 
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curs  in  volcanic  regions,  and  is  brought  mostly  from  Sicily  anc. 
Iceland.  The  stdphur  occurs  native,  mixed  with  clav,  from 
which    it    is   separated  by  distilblion.      This  clement  aUo   oc- 
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si\\\)hii\jes  in   the  minerals,  gypsum.  CaSO^.jAq,  Barite, 

►^,  and  as  sulphides  of  iron,  copper,  nickel,  and  in  fact,  with 

iny  of  the  raetalii;  also  as  a  precipitate  from   sulphur  waters. 

following  reaction  cx]»lains  its  deposition  from  such  waters: 

2H,S  4-  O,  =  aHjO  -I-  S,. 

Preparation. — It  is  prej>ared  from  the  native  sulphur, 
ixed  with  more  or  less  earth,  found  in  the  volcanic  regions 
Sicily  by  distilling  it  from  the  non-volatile  impurities.  A 
ond  distillation  is  necessary  to  prepare  the  refined  sulphur  of 
ihe  market.  The  second  distillation  is  conducted  in  a  retort, 
he  vapor  being  carried  into  a  large  chamber  v^*^-  53)'  where, 
"  the  process  is  conducted  slowly,  it  collects  in  the  form  of  a 
crystalline  powder  called  flo^wers  of  sulphur,  or  sulphur  sub- 
linaatum,  U.S.  P.  If  the  process  is  conducted  more  rapidly 
'  e  chamber  becomes  hot,  and  the  sulphur  then  condenses  to  a 
uid  at  the  lx*ltom,  whence  it  is  drawn  off  into  moulds,  forming 
ordinary  roll  sulphur  or  brimstone. 

Sulphur  is  also  obtained  in  some  localities  from  iron  pyrites,  by 
piling  it  in  heaps  mixed  with  wood,  to  which  fire  is  applied.  The 
ore  gives  up  a  part  of  its  sulphur,  which  melts  and  runs  into 
vitics  made  under  dilTerent  parts  of  the  heap. 
Properties — Physical.— Sulphur,  in  its  ordinary  form,  is  a 
lemon-yellow  solid,  melting  at  115°  C  (239*^  F.),  and  boiling  at 
alx)ut  448°  C.  (839**  F.',  giving  off  a  brownish-yellow  vapor, 
which  in  condensing  returns  directly  to  the  solid  state.  Sulphur 
brittle,  nearly  tasteless,  and  odorless,  a  non-conductor  of  heat 
d  electricity,  and  generates  negative  electricity  when  rubbed. 
C  is  insoluble  in  water,  and  almost  so  in  alcohol.  It  is  slightly 
soluble  in  anilin  phenol,  l)en/.enc,  benzine  and  chloroform.  The 
best  solvent  is  carbon  disulphide,  icx?  parts  of  which  dissolves  37 
|>arts  at  ordinary  temperatures. 

AUotropic  Forms. — Sulphur  is  capable  of  existing  in  three 

allolropii:  iiioditiuitioiis;  two  crystalline,  and  one  amorphous  and 

tic.      The  first  variety  is  that   found   native,  and   occurs  as 

tahedra.       It   is    freely   soluble    in   carbon   disulphide,  from 

hich   the  crystals  separate  on  evaporation.     U'hc  second   vari- 

y  is  produced  by  crystallization   from  sulphur  melted  at  high 

m|»enturcs.     This  variety  occurs  as  yellowish-brown,  transparent 

noclinic  prisms,   of  sp.  gr.   1.98,  insoluble  in  carbon  disul- 

idc,  and  gradually  changing  into  the  first  variety.     Since  it 

ystalUzcs  in  two  distinct  systems,  sulphur  is  said  to  be  dimor- 

lous.     By  heating  sulphur,  it  melts  at  about  \  15"^  C.  (239'*  F.) 


fire  and 

fuBKS  of  SUl- 

Qgfff  in  Many  o€  it»  cofioidi  l&afewcom- 
it  ■  efectfo-pOMCive.  It  vMies  directly  with  many  of  tbc 
■Mtali,  of^daOy  iriben  in  tkc  adBed  state,  aooic  iKfals  taking 
freand  iMming  readily  in  rti  vapor.  It  lbra»  the  baas  of  a  Uigc 
and  mtM  das  of  imiwjmdi,  nnniy  of  wkkli  Traonble  in  oom- 
poMtio*  the  corresponding  oovpovods  of  osygeti. 

Tlins,  carbon  diaolphide,  CS^  cofrapoods  to  carbon  dioxide, 
CO-.  Corresponding  to  hydrogen  oxide.  H,0.  we  hai-e  hydrogen 
•offmide»  H3,  ami  to  c^-anic  acid,  CNOHf  wehavesulphu-cyanic 
acid,  CNSFi.  Corresponding  to  carbonic  acid,  H,CO^  we  have 
Mitiiho-carbonic  acid,  H,CS,. 

Uses, — Sulphttr  is  osed  in  (he  arts,  in  the  manufaccnre  cf  sul- 
phutic  acid,  H,SO,,  as  a  bleaching  agent  for  straw  and  woo)en 
goodft»  and  in  the  manufacture  of  matches  and  gun-powder.  In 
meiJictne  it  is  used  as  a  parasiticide,  and  as  a  gentle  laxative, 
althottgh  not  as  frequently  as  formerly.     It  is  innocuous. 

Official  Forms.— I.  Sulphur  subltmatum,  commercial 
flowefH  of  sulphur.  2.  Sulphur  lotum,  washed  sulphur. 
Flowern  of  sulphur  asually  contain  small  quantities  of  sulphurous 
oxide,  which  ik  rrrnoved  liy  digesting  for  three  da\-s  in  a  diluted 
iitiimre  of  amnuuiia  water  and  water,  then  thoroughly  washing 
w-llli  water  to  rcinovr  the  ammonia.  3.  Sulphur  prsecipita- 
tum,  lac  Aulphuris,  milk  of  sulphur,  is  prei^arcd  by  lx)iling 
ftuhliruril  i((i)[ihnr  tnr  one  hour  with  freshly  slaked  lime  susi)ended 
in  waler. 

3Ci(OII),  ^-  6S,  •=■  2C»S4  4-  CaSjO,  +  3H5O. 

The  nitcred  nohition  of  CaS^  and  CaS,0,  is  then  diluted  and 
iroiitcd    with   ilitiitc    hydrochloric  acid  as  long  as  a  precipitate 

IllMUII. 

jC«S,  4-  CSjOj  +  6IIC1  .  jC.CI.  +  311,0  H-  6S,, 
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The  calcium  chloride,  being  very  soluble,  remains  in  solution. 

!  The  sulphur  must  be  thorout;hly  washed  with  water  until  free  from 
acid.     It  is  a  fine  pale  yellow,  easily  suspended   in  water  and 

'  viscid  ticpiids.  4.  Unguentum  sulphuris,  U.  S.  P.,  con- 
tains 30  per  cent,  of  washed  sulphur  and   70  ])er  cent,   of  ben- 

I  zoinated  brd.  Sulphur  lotuin  enters  into  pulvis  gl/cyrrhizs 
compositum. 

Sulphur  and  Hydrogen. — Two  compounds  of  sulphur  and 
hydrogen  aie  well  known  —  hydrogen  sul[jhide,  H^S,  and  hydro- 
gen i»ersulphide,  M.S,.  The  first  only  is  of  suffirient  intcre^it  to 
nient  description  here.  Hydrogen  sulphide,  hydrosulphuric 
acid  and  sulphuretted  hydrogen  are  synonymous  terms.  It 
is  found  in  volcanic  gasts,  in  some  mineral  spring's,  and  as  a  result 
of  the  putrefactive  decomiwsition  of  organic  matter  coniaining 
siilphur.  At  an  elevated  temperature,  the  two  elements  may  be 
made  to  unite  directly. 

^—      Preparation. — The  usual  method  of  preparing  it  is  to  act 

^■ttpon  a  sulphide,  asually  ferrous  sulphide  (FeS),   with  dilute  suU 

^Bphuric  acid. 

■^  FeS  -h  HySO^  =  H,S  +  FeSO^. 

f  Properties. — H,S    is    a    colorless,    transparent  gas,   of  an 

unjile-isint  odor  resembling  that  of  rotten  eggs,  soluble  in  wattr, 
to  which  it  imj^wrts  acid  proi^erties.  It  is  somewhat  heavier  than 
air,  its  density  being  17  and  us  sp.  gr.  1.177.  At  a  temperature 
of — 70°  C.  ( — 94°  F.),  or  under  a  pressure  of  17  atmospheres  at 

I  10°  C.  (50**  F.).  it  condenses  to  a  colorless,  mobile  liquid,  which 
M  — 85*"  C.  ( — 121®  F.)  becomes  an  ice-like  solid. 

^H     It  bums  with  a  blue  (lame,  producitig  water  and  sulphurous 

^■bxide  or  anhydride.  SO,. 

^H  If  the  supply  uf  oxygen  is  deficient,  H/)  is  produced,  while 
^Bbc  sulphur  is  deposited  free.  It  is  decomposed  by  chlorine, 
^^ronunc.  iodine  and  oxidizing  agents  in  general.  It  is  also 
decomposed  by  sulphurous  oxide.  A  solution  nf  sulphuretted 
^Khydrogen  does  not  keep  long  when  exposed  to  the  air.  The 
^Bsygc^n  of  the  air  unites  with  the  hydrogen  of  H,S,  forming 
^Bratcr,  and  causing  the  sulphur  to  be  precipitated. 

^"  aH,S  i-  O,  »  2!I/>  -I-  S,. 

I  When  the  gas  is  allowed  to  bubble  through  a  solution  of  an 

:»lkalinc  hydroxide,  the  sulphur  and  oxygen  exchange  places  with 
'le  formation  of  a  sulphydrate. 
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KOH  -I-  H,S  =  KSH  +  H,0. 

When  it  is  passed  through  a  solution  of  a  metallic  salt.  U  rortos, 
in  Diany  instances,  a  suljjhide  of  the  metal. 


CuSO,  +  H,S  =  CuS  +  H^,. 


It  is,  on  this  account,  largely  used  in  the  laboratory  as  a  reagent 
for  the  separation  of  the  metals  from  one  another.  Minute 
quantities  of  H,S  may  be  detected  by  the  odor,  or  by  the  brown 
or  black  color  the  gas  imparts  to  a  paper  moistened  with  a  solution 
of  plurahic  acetate.     Its  princi|ial  use  is  that  of  a  reagent. 

Physiological, — When  inhaled,  it  is  not  an  irriunt,  but  a 
narcotic  poison,  even  when  largely  diluted  with  air.  According 
to  Karaday,  birds  die  in  air  containing  is^c  of  it,  and  dogs  in 
one  containing  lio.  According  to  Letheby,  human  l>eings  can- 
not live  in  an  atmosphere  containing  more  than  one  i>er  cent. 
Its  action  is  principally  a  reducing  one  upon  the  haemoglobin  of 
the  blood,  and  prevents  this  fluid  from  absorbing  oxygen,  although 
it  proliably  does  not  combine  with  it.  (Wurtz.)  Hydrosulphuric 
acid  is  formed  in  the  intestines  from  the  decomposition  of  albumi- 
nous matters,  especially  where  there  is  any  impediment  to  dige*- 
lion,  or  to  the  onward  movement  of  the  intestinal  contents.  It 
also  sometimes  occurs  in  abscesses,  and  in  the  urine  and  the 
bladder. 

This  gas  is  almost  a  constant  ingredient  in  the  gases  of  sewers 
and  privy  vaults,  existing  free,  or  combined  with  ammonium  as 
ammonium  siilphydrate.  Poisoning  by  this  gas  may  be  acute  or 
chronic.  The  latter  is  more  common,  producing  a  febrile  state, 
with  m.'itaise  and  general  debility.  The  fatal  effects  of  sewer  air 
are  sometimes  due  to  this  form  of  poisoning.  Occasionally  this 
gas  is  so  concentrated  in  sewers  that  those  who  enter  them  suffer 
with  acute  poisoning,  falling  almost  instantly,  and  if  not  rescued, 
dying  in  a  short  time.  The  treatment,  in  such  cases,  should  con- 
sist in  giving  the  patient  pure  air,  or  oxygen,  with  brandy  and 
water.  Chlorine  water,  or  a  mixture  of  potassium  chlorate  and 
dilute  hydrochloric  acid,  may  be  administeretl  internally.  When 
taken  by  the  stomach,  it  is  almost  harmless  j  and  in  the  form  of 
natural  mineral  water,  it  is  a  popular  remedy  for  rheumatism,  gout 
and  certain  skin  diseases. 

Sulphur  with  Chlorine,  Bromine  and  Iodine — Sul- 
phurous Chloride  (S,CI,). — \  yellow,  volatile,  fuming  liquid, 
having  a  powerful  solvent  power  for  sulphur  and  sulphuric  chlo- 
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S  and  formed  by  distilling  sulphur  in  an  atmosphere  of  chlo- 
liue  gas. 

It  is  decomposed  by  water,  but  mixes  with  benzene  and  carbon 
disulphide.  SClj,  and  several  oxychloridcs,  arc  known.  Bro- 
mine unites  directly  with  sulphur  to  form  a  red,  unstable  liquid, 
probably  consisiint;  mostly  of  S.Rr,. 

Iodine  and  Sulphur  combine  directly  when  gently  heated, 
even  under  water.  When  80  jiarts  of  iodine  and  20  jarts  of 
sulphur  arc  heated  together,  they  form  a  steel-gray  crystalline 
mass,  S,Ij.  sulphuris  iodidum  (U.  S.  P.  and  B.  P.),  said  to  be 
a  powerful  remedy  in  certain  skin  diseases.  It  melts  at  60°  C. 
(140°  F.).  and  is  insoluble  in  water.  Other  iodides  have  been 
described,  but  are  unimportant. 

Sulphur  and  Oxygen. — The  following  oxides  of  sulphur 
are  known ;- — 


SO.. 


Sulphur  dioxide,  or  Sulpliurous  anhydride. 
Sulphur  scquioxide. 

Sulphur  tho^ide.  or  sulphuric  anhydride. 
Acids  of  Sulphur 


».  H,S. 

2.  H,SO,. 

3.  H,SO,. 

4.  lljJ^o.. 

6.  I1,S,().. 

7.  n,.s,<i.. 

8.  H,S,l),, 

9. 1I,V».- 

10.  11 AO^ 


HydroButphuric  acid. 

Hyposulphurous  acid. 

Sulphurous  acid. 

Sulphuric  acid,  fTbis  acid  has  not 

Thiosulphuric  acid    [Hyposulphurous)  ^  been    isolated,   but 

Pyrosulphuric  acid.     Nordhausen.         ( its  mIIs  are  koown. 

Dithionic  acid. 

Trithionic  acid. 

Tetralhk>nic  acid. 

Pcntathionic  acid. 


A  few  only  of  this  large  number  of  compounds  are  of  sufficient 
imponanre  to  be  descrilK'd  here. 

Sulphurous  Oxide  or  Anhydride,  SO, — Preparation. — 
I.  It  may  be  prejwrcd  by  burning  sulphur  in  the  air.  2.  By 
heating  sulphuric  acid  with  copper  turnings,  sulphur,  or  carbon. 
According  to  the  U.  S.  P., and  B.  P.,  charcoal  is  used  : — 


* 


aH,so^  -f  C  =  2H,SOj  +  CO,. 

Properties  — Physical. — A  colorless  gas.  having  a  pungent, 
suffocating  odor,  and  a  disagreeable  acid  taste.  It  is  very 
lublc  in  water,  with  which  it  combiocs  to  form  an  unstable  sul- 
orous  acid,  acidum  sulphurosum,  U.  S.  P.,  emitting  the 
or  of  the  gas.  It  is  very  soluble  in  alcohol.  Sp.  ir,  1.035  ^^ 
®  C     The  density  of  the  gas  is  3a  ;  sp.  gr.  (.Air  -  1)  2.234. 
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">€.  (i4°  F),  itis  a 
75"C.(-io3'^F.). 


colorless  mobile  liquid,  which 


Below  — lo' 

solidifies  al 

Acidum  sulphurosum  is  a  liquid  containing  not  less  than 

6-4  per  cfiu   uf  ihe  gas,  by  weight. 

Chemical.— SOj  is  non-com bnslible,  and  will  noi  support  com- 
bustion or  respiration.  It  combines  with  water  to  form  sul- 
phurous acid,  and  hence  is  an  anhydride.  Nascent  hydrogen  re- 
duces it  to  HjSand  water.  It  is  a  valuable  reducing  agent,  easily 
taking  up  oxygen  to  form  sulphuric  anhydride  or  acid.  It  is  a 
bleaching,  disinfecting  and  deodorizing  agent  of  considerable 
value.  It  bleaclies  moist  vegetable  colors,  although  not  perma- 
nently destroying  them.  The  colors  may  be  restored  by  an 
alkali,  or  by  weak  chlorine  water.  It  is  used  principally  for 
straw,  silk  and  woolen  goods.  It  decomposes  hydrogen  sulphide, 
and  when  concentrated,  destroys  many  forms  of  microsco]tic  life, 
and  is  much  used  as  a  disinfectant  of  rooms  after  contagious 
liseases.  Although  not  so  active  aichlarine,  it  is  i)referred,  be- 
cause it  does  not  corrode  metals  or  bleach  fabrics,  if  dry.  To 
apply  it,  cloae  the  room  and  burn  about  three  pounds  of  sulphur 
for  every  looo  cu,  ft.  of  air,  leaving  the  room  closed  for  from  6 
to  8  hours. 

Sulplnirous  acid  forms  two  series  of  salts,  the  neutral  and  the 
acid  salts.     They  are  used  as  aiitiferments  or  antizymolics. 

Uses. —They  are  used  internally,  and  as  sulphites  and  thio- 
sulphaies  (hyposulphites)  in  zymotic  diseases,  gastric  fermenta- 
tions, sarcina,  etc.,  also  locally,  in  erysijjelas  and  jjoisoned 
wounds.  The  sulphites  and  thiosulphates  of  the  alkaline  metals 
are  used  for  the  same  indications  a^  the  acid.  Thiosulphate  of 
sodium  is  prepared  by  digesting  sulphur  with  sulphite  of  sodium. 
It  is  used  in  photography  and  electrometaUurgy,  as  a  solvent  for 
the  silver  salts.  Dose  of  the  acid,  i  to  4  c.  c.  (MXV  to  fgj) 
largely  diluted.  Dose  of  sodium  sulphite  or  thiosulphate,  0.650 
to  3,000  fgr.  X  to  1) 

Sulphuric  andydride  (SO,),  is  obtained  by  distilling  Nord- 
hausen  acid,  as  white,  silky  prisms,  hissing  when  dropi>ed  uix>n 
M'atcr,  from  the  energy  with  which  thev  combine.  Melts  at 
iS.^**  C.  (65^  v.),  and  boils  at  43°  C.  (iio°  K. ).  It  does  not 
redden  dry  litmus  ijai>er.  It  has  a  [xjwerful  affinity  for  water, 
absorbing  it  from  the  atmosiihere.  It  is  only  of  scientific  in- 
terest. 

Sulphuric  Acid,  Hydrogen  Sulphate,  Oil  of  Vitriol, 
H,SO,  =r  97.82. —  riie  (Xinmicrcialacid  is  prepared  in  large  quan- 
tities directly  from  sulphur  or  iron  pyrites.     The  process  is  con- 
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ducted  in  large  chambers  lined  with  sheet  lead.  Into  these  cham- 
bers sulphurous  oxide  pours  from  a  I'urnace  in  which  sulphur 
is  burned  or  pyrites  roasted,  along  with  a  free  supply  of  air. 


r 


S,  -f  lOj  =  aSO,. 

In  the  same  furnace  is  placed  a  crucible  containing  sodium 
nitrate  and  sulphuric  acid,  for  the  purpose  of  preparing  and  vola- 
tilizing nitricacid,  which  is  carried  into  the  cliaraber  with  the  SO, 
and  air, 

2NilNO|  +  HjSOj  «  NajSO^  -f  2HNO,. 

The  nitric  acid  gives  up  a  part  of  its  oxygen  to  oxidize  a  por- 
aon  of  the  SO,  to  SO,. 

3HNO,  4-  JSO,  =  3SO3  -f-  H,0  +  N,0^ 

The  SO,  combines  with  the  water  thus  produced,  and   with 
more  water  which  is  supplied  by  a  jet  of  steam  thrown  constantly 
to  the  chamber. 

SO,  -i-  H,0  =  H,SO,. 


I 


K 


The  N,0,  has  the  power  of  taking  up  oxygen  from  the  air  and 
becoming  N,0^, 

N A  +  O,  =  N,0.. 

which  in  turn  parts  with  thi:$  oxygen  to  oxidize  a  new  quantity 
of  SO,. 

NjOi  4-  aSO,  =  N,0,  +  aSO,. 

Thus  the  process  is  kept  up  as  long  as  the  SO,,  air,  steam  and 
NjOJ  are  supplied.  The  acid  conden.ses  with  the  water  on  the 
floor  of  the  chambers,  and  when  it  reaches  a  sp.  gr.  of  1.55 
(chamber  acid)  it  is  drawn  off  into  large  leaden  pans  and 
evaporated  to  a  sp.  gr.  of  1.746  (^pan  acid;,  containing  78  per 
cent,  of  HjSOj,  when  it  be;^ms  to  di^olve  the  lead.  It  is  then 
drawn  off  into  platinum  stilU  and  the  concentration  completed. 

Properties. — The  co.nmercial  acid  is  a  heavy,  corroiive,  oily 
liquid,  often  of  a  brownish  tint,  and  has  a  sp,  gr.    of  1.830    to 

845.      It  mixes  with  water  in  all  i»roportioiis,  combining  wiih  a 

rtain  quantity  to  produce  H,SOi,  and  finally  producing  ortho- 
stilphuri*'^  acid,  H^SO,.  with  the  production  of  considerable  heat. 
The  concentrated  acid  attracts  moisture,  and  is  used  as  a  dcsic- 

ting  agent.  Guides,  allowed  to  bubbl:;  through  it,  are  deprived 
(  their  moisture,  h  chars  organic  matter  and  corrodes  animal 
ue.     Paper  dipped  in  a  cooled  mixture  of  two  parts  of  the 
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acid  and  one  of  n'strr^  md  then  quickly  washed,  is  converted 
inio  parchment  paper.  Starch  or  cellulose,  when  boiled  with 
the  dilute  acid,  is  changed,  by  hrdrolysis,  into  glucose  or  grape 
sugar  ;  and  cane  sugar  into  glucose  and  levulose.  In  this  action 
it  behaves  like  the  unorganized  ferments,  diastase,  pe[isin,  trypsin, 
etc.,  and  illustrates  theso-called  catalytic  action  of  certain  bodies. 
The  dilute  acid  is  a  solution  of  H^SO,  in  water.  On  l)oilingthis 
with  the  above-named  bodies,  it  imparts  a  ix»rtion  of  its  water  to 
the  organic  body,  and  lakes  up  more  water  from  the  solution  to 
supply  its  place.  Sulphuric  acid  is  a  powerful  dibasic  acid,  form- 
ing a  series  of  salts  called  sulphates,  all  containing  the  S0« 
group  of  atoms.  It  also  forms  aseriesot  acid  sulphates — HKSO^. 
HNaSO,.  Owing  to  the  powerful  affinities  of  this  acid,  it  usually 
removes  the  metal  or  positive  radical  from  other  acids  and  sets 
ihem  free.  It  forms  insoluble  precipitates  with  solutions  of 
barium,  lead,  strontium  and  with  calcium  in  concentrated  solu- 
tions. This  should  l>e  rcmemWred  in  adding  it  to  prescriptions. 
The  other  sulphates  are  soluble  in  water. 

Medical  Effects. — When  dilute,  it  is  tonic  and  astrin- 
gent. Concentrated,  or  in  large  doses,  it  is  a  corrosive  jioison. 
Antidoie^liine,  magnesia,  sodium  bicarbonate,  or  other  alkaline 
body,  best  given  in  milk. 

Official  Forms, — Acidum  sulphuricum,  U.  S.  P.,sp,gT, 
1.84,  is  used  only  in  making  other  preparations.  It  contains 
not  less  than  92.5  per  cent,  by  weight  of  absolute  sulphuric  acid. 
It  is  a  colorle^,  inodorous,  and  very  corrosive  liquid,  having  an 
oily  consistency,  and  a  very  strong  acid  reaction.  Acidum 
sulphuricum  dilutum,  U.  S.  P.,  sp.  gr.  1.070  at  15**  C. 
(5'J°  ^')f  <"ontaining  10  per  cent.,  H^SO^.  B.  P.,  sp.  gr. 
1.094,  containing  13  per  cent.  H^SO,  Acidum  sulphuri- 
cum aromaticum,  U.  S.  P.,  should  contain  about  18.5  {yet 
cent,  of  absolute  stilphnric  acid,  or  about  20  per  cent,  of  the 
official  acid.  It  is  an  aUoholic  solution,  containing  also  tincture 
of  ginger  and  oil  of  cinnamon.     It  contains  ethyl  sulphuric  acid. 

Tests  for  Sulphuric  Acid  and  Sulphates, — 1.   Barium 

chloride  gives  a  white  ppt.,  insoluble  in  all  aciils. 

2.  Lead  acetate  gives  a  white  ppt.,  slightly  soluble  in  hot  con- 
centrated acids. 

3.  An  insoluble  sulphate  may  be  detected  by  fusing  it  together 
with  some  fto<lium  and  imtassium  carbonate,  dissolving  out  the 
alkaline  sulphate  with  wattr  and  testing  with  barium  chloride. 
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*uming  Sulphuric  or  Nordhausen  acid  (H^S^O^),  is  obtained 
by  distilling  Itrroiis  sulphate.  The  first  jMjrlions  are  a  white, 
crystalline  solid,  lusing  at  35**  C.  (95**  F.),  and  having  the  above 
composition. 

The  commercial  acid  is  a  brown,  oily  liquid,  hissing  when 
dropped  into  water.  Some  chemists  regard  it  as  a  solution  of  SO, 
in  H,SO,.     When  healed,  it  gives  off  SO,  and  H,SO,. 

H,S,0,  =-  H,SO,  -h  SOg. 

It  is  used  in  manufacturing  alizarin,  eosin,  etc.,  and  as  a  sol- 
vent of  indigo.     It  forms  a  series  of  salts  called  disulphutes. 

Selenium  and  Tellurium. 
Se  78.87.  Te  125. 

'I'hese  elements  are  rare  and  of  no  sj)ecial  interest  to  the  phy- 
sician or  pharmacist. 


GROUP  V,— NONMETALLIC  ELEMENTS 

OR 

NITROGEN    GROUP. 

Nitrogen,       N  =  1403  III  oj  V. 

Phosphorus,  P  =  31.  Ill  or  V. 

Arsenic,       As  ^^^  75.  Ill  or  V. 

Antimony,    Sb  ^^  I30.  Ill  or  V. 

Bismuth.      Bi  ^  208.  Ill  or  V. 

Group  Characteristics. — A  well-defined  group  with  nitro- 
gen at  the  negative  end  and  bismutli  at  the  positive.  The  atomic 
weights  form  a  graded  scries  from  i*(.oi  to  208.9.  T^^e  first  is  a 
gas;  the  second  a  volatile  solid  ;  the  third  a  volatile,  crystal- 
line, meialHc-looking  body,  showing  a  slight  tendency  to  alloy 
with  metals  and  combine  with  acids;  the  fourth  less  rasily  vola- 
tilized, cr>slalline.  possessing  a  brilliant  lustre,  alloying  with 
metals,  and  showing  a  tendency  to^act  the  positive  role  with 
arids ;  the  fifih,  also  crystalline,  having  a  metallic  lustre,  and 
showing  more  marked  |)Ositive  tendencies.  They  are  all  Itoth 
triad  nnd  pentad,  and  form  two  series  of  compounds. 

The  following  will  exhibit  the  relations  of  some  of  the  most 
important  compounds: — 
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Hydriile* 
NH, 
PH. 
AsH, 

SbH. 


Chloride*. 

NCI,  ... 
PCI..  IHJI, 
AsClj  A»CI, 
SbCI,,  SbClj 
BiCI,,    ... 


Oxido. 

AsjfJ,.  ASjOj 
Sb,<  J,.  Sb/\ 
Bi,0,.  Bi,(>» 


Sulphides. 

As^,  AsjSj 
Sb,S,.  Sb,.iH 
U4S,.     ... 


NITROGEN. 

Symbol.  N.     At.  Wt.   14.      Equivalence,  I. 
Wt.  of  I  liter,  1.256  grmi.     Sp.  gr. 


Ill  or  V.      Density, 

(Air  =  I).  0.971. 


Occurrence, — It  exists  free  in  the  air,  mixed  with  oxygen 
and  argon.  It  is  also  found  free  in  the  gases  of  the  stomach,  the 
large  and  small  intestines,  the  blood,  the  urine,  etc.  Combined, 
it  occtiry  as  nitrates  of  i)otassiuin»  sodium  and  calcium  ;  in  ammo- 
nia, and  in  vegetable  and  animal  bodies  of  the  proteid  group. 

It  was  discovered  in  1772,  by  Rutherford,  who  called  it 
"Mephitic  Air." 

Preparation.— It  is  [jrepared  from  the  air,  by  burning  phos- 
phorus in  a  confined  space  until  the  oxygen  is  remove.!  (Fig.  54), 
or  by  passing  air  over  copper  or  iron    turnings   heated  to  red- 
Fig.  54.  ness  ;  the  nitrogen  pre- 

j>ared  by  both  methods 
contains  small  quantities 
of  other  gases  found  in 
the  air.  To  prepare  it 
pure,  heat  ammonium 
nitrite  (NH.NOJ. 

NH.NO,  -f  heal=aH,0 

Properties— Physi- 
cal.— A  colorless,  trans- 
parent, odorless,  taste- 
less, incombustible  gas, 
not  a  bupporter  of  com- 
bustion or  of  animal  respiration,  Ii  is  not  |K>isonous;  very  spar- 
ingly soluble  in  water  or  alcohol.  One  |»art  of  water  dissolves, 
at  the  ordinary  temperature  and  pressure  .025  part  of  this  gas. 
Chemically,  nitrogen  is  characterized  by  its  inertne-^.  It  unites 
directly  with  magnesium,  boron,  vanadium  and  titanium.  Indi- 
rectly, it  forms  a  great  numl>er  and  variety  of  compounds,  many 
of  which  are  unstable.  Under  the  influence  of  electric  discharges 
nitrogen  can  be  caused  to  unite  with  hydrogen  to  formanimoniaf 
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NHjt  and  with  oxygen  to  form  nitrous  oxide.  From  this  source 
noost  of  the  nitrogenous  products  necessary  lo  sustain  plant  life 
are  primarily  derived. 


to 
to 


THE  ATMOSPHERE. 

The  Atmosphere  is  a  colorless,  invisible,  o.iorless  mixture  of 
gabies,  which  surrounds  the  earth.  It  is  very  elastic,  and  is  there- 
fore most  dense  nearest  the  earth*s  surface,  upon  which  it  exerts 
a  pressure  of  about  fifteen  pounds  to  every  square  inch.  Air  was 
first  weighed  by  Otto  Gerecke.  looo  c.  c.  of  air  at  o°  C.  and  760 
millimeters  of  pressure  weighs  1.293  gf-if"-  It  is  '4-44  times  as 
heavy  as  hydrogen. 

The  Atmosphere  is  compoicd  principally  of  nitrogen  and 
oxygen  niixtd  together  in  the  proportion  of  20,93  pirts  of 
oxygen,  by  volume,  to  79.07  parts  of  nitrogen,  ani^  by  weight, 
23  parts  of  oxygen  lo  77  parts  of  nitrogen.* 

Although  air  is  a  mixture  and  not  a  definite  coinpound,  it  is 
remarkably  constant  in  composition.  Regnault  found  in  233 
analyses  of  air,  at  different  times  and  places,  that  the  per  cent,  of 
oxygen  by  volume  varied  between  20  908  and  20.999.  'hat  air 
is  a  mixture  is  proved  by:  1st,  its  gases  are  noL  present  in  the 
proportion  of  their  atomic  weights  ;  2d,  an  air  answering  to  all 
the  prop;.'rties  of  the  atmosphere,  can  be  made  by  a  mechanical 
mixture  of  the  gases;  3d,  solvents  for  oxygen,  as  an  alkaline 
solution  of  pyrogallic  acid,  remove  this  gas  from  the  air;  4th, 
each  gas  dissolves  in  water  iode|»endently  of  the  other,  and  with 
its  own  solubility  ;  thus  by  expelling  the  air  from  water,  by  boil- 
ing, and  analyzing  it,  wc  find  it  to  correspond  to  that  calcubled 
from  the  known  sjlubility  of  the  two  ga.ses.     (See  pige  74.) 

The  analysis  of  the  air  expelled  from  water  shows  33  ]>er  cent. 
of  oxygen  and  67  per  cent,  of  nitrogen  ;  it  is,  therefore,  much 
richer  in  oxygen  than  the  atmosphere  Cving  to  the  rapid  dif- 
ftision  of  the  gases,  the  disturbances  in  composition  dus  to  the 
respiration  of  animals  and  to  miuufacturing  processes,  are  soon 
restored.  Btfiides  the  two  chief  gases  found  in  the  air,  there  are 
various  other  ingredients  found  in  small  qantities,  as  watery  vapor, 
carbon  dioxide,  ozone,  ammonia,  nitric  and  nitrous  acids,  hydro- 


*  The  exftct  unount  of  argon  present  in  air  i«  not  certainly  known,  but  ii 
«buui  0,75  lo  0.80  per  cent,  by  volume,  lliis  gas  is  included  in  the  iiilrogea 
in  the  aL>ove  figures. 
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carbons,  solid  particles  of  dust,  sodium  chloride,  vegetable  germs 
or  sjKJres,  bacteria,  etc.  Air  in  which  animals  are  confined  also 
contains  some  organic  matter,  exhaled  from  their  bodies.  In 
the  neighborhood  of  large  cities,  varioiLS  other  substances  are 
poured  into  the  air  from  manufacturing  establishments. 

The  essential  ingredients  are  oxygen,  nitrogen,  carbon  dioxide, 
and  watery  vapor.  The  rest  of  those  enumerated,  may  l^  re- 
garded as  accidental,  and  not  essential  to  the  life  of  plants  and 
animals. 

Watery  Vapor. — The  proportion  of  water  vapor  in  the  air 
varies  considerably  with  the  temiKirature  and  locality.  The  air 
is  seldom  saturated  in  the  daytime,  and  contains  less  inland  than 
near  large  bodies  of  water.  The  higher  the  lemi>erature  of  the 
air  the  more  moisture  it  will  hold  ;  thus,  at  o*  C.  (32®  F.),  i  cu. 
metre  (1.3  cubic  yards)  is  saturated  by  5.4  grams  {S^.^  grs.)  of 
water,  and  at  25°  C.  (77**  F.),  the  ordinary  temj^erature,  it  re- 
quires 22.5  grams  (347  grs.).  Or,  at  77°  F.,  one  cubic  yard  will 
be  saturated  by  267  grains  of  water,  and  one  cubic  foot  by  about 
10  grs.  In  reality,  the  air  will  seldom  be  found  to  contain  more 
than  60  or  70  jjer  cent,  of  this  amount,  Wien  one  cubic 
metre  (1.3  cu.  yds.)  of  an  atmosphere  saturated  at  25''  C.  (77®  F,), 
is  cooled  down  to  o"  C.  (32°  F.),  it  will  deposit,  as  dew,  rain  or 
frost,  22.5  —  5  4  =  1 7. 1  gms.  (263.8  grs.)*  '^^^  temperature  at 
which  air  begins  to  de[x>sit  its  moisture,  on  being  cooled,  is 
called  the  dew  point.  The  dew  point  will  depend  u()on  the 
amount  of  water  actually  present  in  the  air.  The  amount 
of  moisture  is  determined  by  passing  a  known  volume  of  air 
through  tubes  containing  calcium  chloride,  which  absorbs  the 
water.  The  increase  in  the  weight  of  the  tubes  gives  the  weight 
of  water.  The  anioniit  of  vapor  in  air  varies  from  .3  to  i.6  per 
cent,  by  vohmie.  The  dampness  of  the  air  does  not  depend 
u|x»n  the  amount  of  water  it  contains,  but  ui>on  the  degree  of 
saturation.  A  cold  damp  air,  when  heated,  becomes  dry  ;  hence, 
the  necessity  of  supplying  moisture  to  the  healed  air  in  our  rooms 
in  winter.  A  very  dry  air  irritates  the  air  passages,  produces 
dryness  of  the  skin,  and  malaise.  A  very  moist  atmosphere 
checks  evaporation  from  the  skin  and  lungs,  raises  the  bodily 
temperature,  and  soon  becomes  oppressive.  A  danij)  air  favors 
the  growth  of  many  varieties  of  disease-i*roduciug  organisms,  as 
those  of  cholera,  typhoid  lever,  and  probably  tuberculosis. 

Carbon  Dioxide. — The  average  amount  of  carbon  dioxide, 
CO,,  in  country  air  is  4  ])arts  in  10,000,  and  varies  from  3  to  6 
parts.     It  is  greater  near  large  cities  and  manufactories ;  greater 
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ing  the  night  than  the  day  on  land,  and  the  reverse  on 
the  otean.  Plants  remove  it  from  the  air  in  the  daytmie,  and 
the  cooler  water  at  night  alttorlis  more  than  the  warmer  water 
during  the  day.     (See  Carbon  Dioxide.) 

Ammonia. — This  exists  in  the  air,  in  very  minute  quan- 
tities, principally  in  the  form  of  carbonate,  the  result  of 
the  decomposition  of  aninul  and  vegetable  organic  matters. 
It  is  especially  evolved  from  urinals,  privy  vaults  and  horse  stables. 
It  is  washed  out  of  the  air  by  falling  rain,  and  is  taken  up  from 
the  soil  by  plants. 

Nitric  and  Nitrous  Acids  occur  in  extremely  minute 
quantities,  and  are  produced  by  the  direct  union  of  oxygen  and 
nitrogen,  in  the  presence  of  watery  vapor,  imder  the  influence  of 
discharges  of  lightning.  They  exist  principally  in  combination 
with  ammonium. 

Hydrocarbons,  the  principle  of  which  is  marsh  gas,  are  fre- 
quently Umud  in  the  air  of  cities,  coal  mines,  wells  and  swampy 
districts.  It  is  produced  by  the  decomposition  of  vegetable 
matter  under  water,  and  m  some  indastral  processes. 

Accidental  Gases  in  the  Air. — The  gases  generated  in  cer- 
tain manufacturing  processes  are  sometimes  allowed  to  escape  into 
the  air.  Some  of  these  are  harmless  and  others  hurtful.  Among 
the  5rst  class  may  be  mentioned  carbon  dioxide,  when  not  in 
too  large  quantities,  and  ammonia.  To  the  second  class 
belong  hydrogen  sulphide,  ammonium  sulphydrate,  sul- 
phurous oxide  in  large  quantities,  vaj>ors  of  mineral  acids, 
carbon  disulphide,  etc. 

Hydrogen  Sulphide,  or  Sulphuretted  Hydrogen,  (H,S) 
is  found  HI  certain  tunnels  and  mines,  caused  by  the  decomposi- 
tion of  iron  pyrites.  It  is  also  found  in  the  air  of  some  marshes 
and  sewers. 

The  symptoms  produced  by  breathing  small  quantities  of  this 
gas,  are  those  of  debility  and  anaemia  ;  in  larger  quantities,  head- 
ache, vertigo,  weak  pulse,  sweating  and  prostration. 

Ammonium  Sulphydrate,  (NH^HS),  produces  nearly  the 
same  symptoms  as  hydrogen  sulphide  it  occurs  in  the  air  of  sewers 
and  privy  vaults.  Koth  these  substances  are  easily  destroyed  by 
chlorine  or  sulphurous  oxide. 

Sulphurous  Oxide  (^,0),  unless  in  considerable  quantities, 
and  in  a  closed  room,  does  not  seem  to  have  any  deleterious 
effect  upon  the  workmen.  In  bleachers  it  sometimes  produces 
irriialion  of  the  bronchial  tubes. 

Hydrochloric  Acid,  Nitric  Acid,  and  Chlorine  in  con- 
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siderable  quantities  are  very  initating  to  the  lungs  and  conjunc- 
tiva. 

Carbon  Disulphide  (CS,)  jiroduces  unpleasant  and  delete- 
rious elTecls  upon  workmen  exposed  to  air  containing  it,  as 
headache.  j;iiidinet>8,  nervous  depres>ion  and  loss  of  appetite. 

Suspended  Matters. — A  great  variety  of  solid  particles,  or 
dust,  are  found  in  the  air  at  all  times.  These  consist  of  frag- 
ments of  wood,  textile  fabrics,  metals,  etc.,  pollen  of  plants* 
bacteria  germs,  etc.  These  suspended  jxirttclcs  may  be  regarded 
as  impurities,  and  many  of  them  are  injurious  to  health.  Work- 
men in  various  trades  are  seriously  affected  by  the  dttst  to  which 
they  are  exposed  ;  as  miners,  especially  of  lead  and  coal,  grinders 
of  metal,  wool  sorters,  rag  pickers,  feaiher  dressers,  etc  The 
irritation  of  the  dust  of  these  and  other  trades  may  cause  chronic 
bronchitis,  emph>sema,  phthisis,  or  chronic  poisoning.  Germs 
of  various  kinds  arc  believed  to  cause  many  of  the  contagious 
and  malarial  diseases,  and  may  be  carried  some  distance  in  the 
air.  Some  of  these  germs  seem  to  be  easily  oxidized,  while 
others  are  very  persistent.  The  best  disinfectants  for  their  de- 
struction are  free  ventilation  and  consequent  dilution  with  dry 
air,  <  hlorine.  bromine,  iodine  and  sulphurous  oxide. 

Disinfectants,  Germicides,'' Antiseptics,  Deodorizers. 
— The  presence  of  odors  and  organized  •' germs,"  in  ilie  air 
often  require  the  use  of  one  of  the  above  agents.  Disinfectants 
are  a  cla.ss  of  bodies  which  are  supposed  to  destroy  the  germs, 
and  thus  prevent  tbem  from  causing  their  5j>eci(ic  action  either 
ujxjn  the  human  body  or  in  decomposable  organic  bodies  or 
solutions. 

The  most  eflicient  of  ihese  is  heat.  Organized  germs  may  be 
filtered  Irom  the  air  by  passing  ii  through  cotton  wool;  or  ihey 
may  be  removed  by  enclosing  the  air  in  a  tight  box  or  chamber, 
the  insides  of  which  are  moistened  with  glycerin.  (Tyndal.) 
Ozone,  chlorine,  bromine,  iodine,  sulphurous  oxide,  the  chlor- 
ides of  mercury,  zinc,  aluminium,  magnesium  and  calcium, 
potassiimi  chlorate,  i)otx'isium  permanganate,  carbolic,  boric, 
cresylic  and  sulphuric  acids,  thymol,  menthol,  camphor,  etc.,  arc 
among  the  disinfectants  most  used. 

Antiseptics  are  agents  which  retard  or  entirely  prevent 
putrefaction,  or  growth  of  microscopic  organisms.     While  dis- 


*  A  germicide  is  an  agent  which  hts  the  power  of  killing  the  germs,  ind 

thus  prrrcming  tlicir  growth.     A  disinfectant  destroys  llic  infectious  properties 
of  septic  uiiUtrr,  whether  (hisi  be  due  to  germs  or  some  olhrr  e^ent. 
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infectants  destroy  ihe  cause  of  infection,  antiseptics  pre- 
verit  the  development  of  these  causes.  Low  temperature  retards 
putrefaction,  and  is,  therefore,  an  antiseptic  agent.  These  two 
tenns  are  frequently  used  interchangeably. 

Asepsis  is  a  condition  of  entire  absence  of  any  germs  or  cause 
of  infection.  Deodorizers  are  bodies  used  to  destroy  offensive 
odors.  They  may  be  cither  solid,  bquid  or  gaseous.  Solids — 
dry  earth,  lime,  charcoal,  ferrous  sulphate,  carbolatcs  of  calcium, 
sodium  and  magnesium.  Liquids— solutions  of  plumbic  nitrate 
(Ledoyen's  fluid),  zinc  chloride  (Burnett's  fluid),  potassium  or 
sodium  permanganate  (Condy's  fluid),  a  mixture  of  copper  and 
zinc  sulphates  (Lcnande's  disinfectant^  solutions  of  ferric  chlo- 
ride, of  ferrous  sulphate,  hypochlorites,  etc,  are  among  the  best 
known.  Gases — pure  air,  ozone,  chlorine,  bromine,  and  sul- 
phurous oxide  are  the  most  effective.  Fumigations  with  tar, 
herbs,  and  various  aromatic  substances,  only  disguise  the  offen- 
sive odors,  but  do  not  destroy  them. 

The  ordinary  offensive  odors  are  due  to  hydrogen  sulphide  ( H,S), 
ammonium  sulphydrale  (NS^HS),  phosphorous  hydride  (i*H,), 
and  complex  ammonium  compounds.  Chlorine,  ozone,  and 
nitrous  oxide  will  destroy  these  gases  by  oxidation,  and  thus 
destroy  the  odor. 

It  should  V*e  remcmhcrcd  ihal  these  otlors,  in  ihemselves,  may  not  be  in  any 
degree  injurious  to  health,  when  in  small  quantity,  but  they  serve  to  warn  us 
of  the  presence  ofijcoducts  of  putrefaction  which  accompany  ihem,  and  which 
are  injuHons.  Ihe  fact  that  c^icient  oisinfection  of  the  nir  can  prevent  the 
spread  of  the  contagion  of  disease  is  well  known.  Chlorine  and  sulphurous 
oxide  arc  the  two  agents  most  in  use,  aod  of  thete  the  former  is  very  much  lu 
be  preferred,  but  the  laUer  is  used  for  fumi>hed  rooms,  because  of  its  less  de- 
strucliTC  action  on  articles  exposed  (o  it. 

It  is  doubtful  whether  organi/ed  geims  in  the  air  can  be  de»(rnyed  by  any 
dtsinfeclants,  except  in  tightly  closed  rooms.  The  attempt  to  di<>infect  (be  air 
of  rooms  with  the  various  so  called  "disinfectants"  of  the  market,  ts  wonrC 
than  useless.  It  engenders  a  feeling  of  security  where  there  i<^  none.  These 
floating  germs  can  certainly  &taml  as  much,  and,  in  most  cases,  more  than  man, 
■nd  therefore  no  room  can  he  disinfected  while  it  is  occupied  by  human  beings. 
The  author  has  found  by  exjierlment,  that  mot  of  the  ordinary  anttse|rtics, 
when  dilfused  through  the  air  of  an  orrlinory  room,  are  almost  without  action 
on  putrefactive  Iwcleha,  unless  the  quantity  be  great  enough  to  make  the  air 
irre»pirable. 

The  following^  table  shows  the  amotmt  of  water  it  is  necessary 
to  add  to  one  part  of  the  substant  e  named,  which  barely  permits 
the  development  of  bacteria  in  meat  infusions,  according  to  M. 
Jalan  dc  la  Croix: — 
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Walcr, 

1  Part. 

Parti. 

Aicohol. 

30 

Chloroform, 

»34 

Borax, 

107 

Eu  alyptol, 

30S 

Phenol  (Carbolic  ftt.'id\, 

1,002 

Thymol, 

2.339 

Potass,  iicrniangaiiale. 

3.<>4« 

Picric  acid, 

3.041 

Boraled  aodiuiD  salicjUtc, 

3.377 

licnioic  acid. 

4,020 

W]it0, 

1  P«n. 

Pwu. 

Oil  of  mustard, 

5.734 

Sul|>lmroiu  acid. 

7t534 

Aluminum  aceiate, 

7,535 
7.077 

Salicylic  acid, 

Mercuric  chloride, 

8.35« 

Calcium  hypochlorite, 

i3f09» 

Sulphuric  acid, 

i&.78a 

Iodine, 

20^30 

Bromine, 

20^75 

Chlorine, 

34.509 

Devaine  says  of  iodine,  that  i  part  to  12,000  destro\'s  the  con- 
tagion ofcharbon,  and  1  to  10,000  of  septic  blood.  Billrutli  says 
mercuric  chloride  i  to  20,030,  thymol  and  ben/-oate  of  sodium 
I  to  2000,  and  benzoic  acid  and  crcasote  i  to  io:>o,  prevent  the 
development  of  bacteria.  Koch  says  of  mercuric  cldoride,  i  10 
15,000  kills  most  micro-organisms,  and  1  to  1000  destroys  resting 
spores. 

The  results  of  different  experimenters  are  so  widely  discordant, 
that  we  make  no  attempt  to  reconcile  them.  The  following 
table  represents  the  results  of  experiments  with  commercial  dis- 
infectants. The  first  column  gives  the  per  cent,  of  the  agent 
necessary  to  kill  anthrax  and  bacillus  subtilis.  The  second 
gives  the  t)er  cent,  of  the  agent  which  failed  to  produce  this 
result : — 

List  of  CoMACUtciia  Duinfcctants  (Stermifrg). 


Per  cent,  in. 

Per  cent,  p^ 

NAHK. 

when  iciivc 

which  faikd 

in  two  houn. 

In  two  hour*. 

LiUlc^s  Soluble  PUcnyle 

a 

1 

LalMiraque's  Solulioii  (U.  S.  P.),    .    . 

7 

5 

Liquor  Zinc!  Oiloridi  {Squibbs),  .    .    . 

10 

I 

Fcuchlwagncr'fi  Disinfectant     .... 

10 

Labarnniuc's  Sol.  (Krer6,  Paris),  .    .    . 

'5 

to 

Phenol  Sodioue,    ■•>. 

"5 

20 

25 

10 

PUu's  Chlorides, 

15 

l^icritndin  ]>isiiirpctanl        

Willinmson's  Sanitary  Fluid,    .... 

25 

ao 

Ilruuio-chlQralum,  ...•,,... 

25 
30 

20 

lilacUman's  Disinfectant, 

ao 

Squibb's  Impure  Carbolic  Actd,       ,    . 

50 

Uouchardat's  Disinfectant, 

,  , 

50 

Phenol  Sodiquc  (Paris), 

.   . 

50 

Lii^tcrine, 

,   , 

50 

Hypochlorite  of  Si>diuni  or  Calcium. 

Available  Chlorine, 

0.2s 

•  • 

I 
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Nitrogen  and  Hydrogen. — Ammonia — Source. — From 
the  dccomjxwition  of  anmia!  or  vegetable  matter  containing 
nitrogen,  either  spontaneously  or  l>y  the  aid  of  heat.  First  i>re- 
pared  by  distilling  camel's  dung,  in  Libya,  near  the  temple  of 
Jupiter  Animon.  When  horns,  clippings  of  hides,  or  coal  are 
heated  in  closed  retorts,  ammonia  is  given  off.  The  principal 
source,  at  present,  is  from  the  animoniacal  liquors  of  gas  works. 
Coal  contains  about  2  per  cent  of  nitrogen,  which  is  mostly  given 
off  as  ammonia.  The  ammonia  liquor  is  treated  with  hydro- 
chloric acid,  and  evajjorated  to  dryness,  when  an  impure 
ammonium  chloride,  sal-ammoniac,  is  obtained.  This  may 
be  purified  by  recrystallization  or  sublimation.  This  salt,  heated 
with  lime  (CaO)  gives  off  its  ammonia.  This  is  conducted 
through  a  series  of  Woulfe  bottles  containing  water,  in  which 
the  gas  dissolves,  fonning  aqua  ammonia,  from  which  the  other 
compounds  may  be  prepared. 


2NILCI 


CaO  =  2NH,  -f-  H,0  +  CaO,. 
Ammonia  is  a  colorless,  transparent,  pungent, 


IPropcrties.- 
irrcspirable  gas.  It  does  not  support  combustion  or  burn  in  the 
air,  but  burns  with  difficulty  in  an  atiiiospliere  of  oxygen,  form- 
ing water  and  free  nitrogen.  It  has  a  strong  alkaline  reaction, 
on  moistened  litmus  paper,  which,  however,  is  not  permanent, 
owing  to  the  volatility  of  the  ammonia. 

It  is  lighter  than  air.  Liquefies  at  —  40**  C.  ( —  40**  F.);  or 
at  10°  C.  (50*^  F,),  under  a  pressure  of  6.5  atmospheres,  to  a 

» colorless  liquid  of  sficcific  gravity  0.76,  which  solidifies  at  —  75** 
C.  (  —  103-  F.). 

It  is  very  soluble  in  water;  one  volume  of  water  at  15°  C. 
(59®  F  )  dissolves  783  volumes  of  the  gas  with  the  evolution  of 
heat,  forming  the  solution  known  as  aqua  ammoniac,  which 
may  Vie  regarded  as  a  solution  of  ammonium  hydroxide,  NH,- 
O-H  in  water. 

This  solution,  on  being  healed,  gives  up  most  of  the  gas  again. 
Aqua  ammoniac  fortior  (U.  S.  P.)  contains  a8  per  cent.,  by 
weight,  of  the  gas,  and  has  a  sp.  gr.  of  0.901  at  15°  C.  (59**  F.). 
Aqua  ammoniac  (U.  S.  P.)  contains  10  per  cent.,  by  weight, 
and  has  a  sp.  gr,  o(  0.960  at  15°  C.  (59**  F.).  It  is  a  colorless, 
itrans]Kirent  liquid,  with  a  pungent  odor,  and  alkaline  taste  and 
'reaction.  It  forms,  by  direct  union  with  the  acids,  a  scries  of 
tits  containing  the  com])Ound  radicle  NH^,  called  ammonium 
(sec  i»age  244  ^/  sf^.).  Ammonia  is  volatile,  and  hence  it  is 
(•ometimes  known  as  the  volatile  alkali.     Tl>e  comjMDund  of 
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NH,  closely  resemble  those  of  Na  and  K,  and  will  be  consider 
with  them.     Strong  solutions  oi  the  gas  act  as  a  caustic  upon 
animal  tissues,  and  are,  therefore,  corrosive  ix)bons. 

Composition. —  Ihis  may  be  determined  by  decomposing 
the  gas  by  passing  a  series  of  electric  sparks  through  a  quantity  of 
it  enclosed  in  an  eiidiom;ter  tube  over  mercury.  The  volume 
increases  until  double  the  original  volume  is  reach:;d.  By  intro- 
ducing a  quantity  of  oxygen  equal  to  3^  that  of  the  aramonia 
used,  and  igniting  the  gases  by  the  same  spark,  the  hydrogen  and 
oxygen  combine,  and  after  condensing  le.ive  the  nitrogen,  which 
occupies  one-half  the  original  volume,  or  one  fourth  the  volume 
of  the  mixed  hydrogen  and  nitrogen  atter  the  decom[x)sition.  It 
is  thus  shown  to  be  composed  of  one-fourth  nitrogen  and  three- 
fourths  liydrogen. 

We  may  also  arrive  at  the  same  result  in  the  following 
manner :  — 

I'rcparc  a  glass  tulic  of  about  I  cm.  (i','  in)  calibre,  closed  at  one  end; 
thruu^h  (lie  stopper  id  the  open  end  pass  a  iLiiincl  tubj  drawn  lo  a  point  and 
ptii.idcd  with  a  »top  cock.  Kill  ctie  (uljc  wiih  pure  dry  cliloriiic,  and  insert 
the  cork,  b'lll  the  funnel  lutw  with  strong  ammonium  hydroxide  solution, 
open  ihc  stop-cock,  and  alluw  a  portion  of  the  liquid  to  enter  the  tube.  The 
chlorine  decomposes  the  ammonia  gas,  cotubining  with  its  own  volume  of 
hydrogen  and  Mtting  free  the  nitrogen  in  combination  with  iL  lly  removing  the 
stopper  under  water,  the  latter  wUI  rise  to  till  the  tube,  excepting  that  portioti 
occupied  by  the  nitrogen,  wbicli  wlH  be  found  lo  be  one-third  of  the  whole  tube. 

Now,  as  the  chlorine  combined  with  its  own  volume  of  hydro- 
gen, or  with  the  tube  full,  and  left  one  tliird  of  that  volume  of 
nitrogen,  it  is  easy  to  see  that  the  ammonia  w:is  com|«sed  of 
three  parts  by  volume  of  hydrogen,  and  one  i^art  of  nitrogen. 
Since  gaseous  molecules  all  occupy  the  same  space,  three  mole- 
cules of  hydrogen  and  one  of  nitrogen  form  two  of  ammonia; 

The  compounds  of  ammonium  with  acids  will  be  considered 
under  the  head  of  sails  of  the  alkaline  metals.  The  com|>ound, 
or  derived  ammonias,  will  be  considered  in  part  IV. 

Tests. — Utior.  Kumea  with  HCt.  Moistened  red  litmus  paper 
is  changed  lo  blue  by  it.     For  Nessler's  test,  see  page  144. 

Nitrogen  Chloride  (NCIJ. — When  chlorine  in  excess  is 
made  to  act  ui>on  ammonia,  or  a  solution  of  aixuuonium  chloride, 
the  chlorine  at  first  sets  free  nitrogen,  and  forms  some  amin*)iiium 
chloride;  the  excess  of  chlorine  then  acts  upon  the  ammonium 
chloride,  to  form  nitrogen  chloride. 

NUp  +  3CI,  =  NCI,  -h  4Ha. 
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Properties. — A  yellow,  oily  liquid,  insoluble  in  water,  pos- 
sessing a  (lisagreealiie,  irritating  odor.  Sp.  gr.  ^  I-653  It  is 
very  exi>losive,  and,  in  contact  with  any  combustible;  matter, 
explodes  s{K)ntaneously.  It  should  not  be  prepared  in  large 
quantities. 

Nitrogen  Iodide  (NHl,or  NI,).  Preparation. — By  lightly 
triturating  iodine  in  a  mortar  with  strong  ammonium  hydroxide, 
or  by  pouring  an  alcoholic  solution  of  iodine  into  strong  ammonia 
water. 

Properties. — A  brownish-black  solid,  insoluble  in  water; 
when  spread  out  on  filter  paper  and  dried,  it  explodes  with  the 
slightest  touch,  or  by  a  gentle  breeze  ;  the  explosion,  however,  is 
not  nearly  so  violent  as  that  of  the  chlorine  compound. 

Nitrogen  and  Oxygen.  —Five  oxides  of  nitrogen  are  known, 
whose  names,  graphic  lormulae,  and  corresponding  acids  are  as 
fuUows :  — 

Nitrout  Oxide N-U-N  Hyponltroua  Add,  H-O— N 

Nitric  OMide. O'N N^O 

Nitrou*  Anhydride, O"  N— O— N-O  NUroua  Acid,      H— O— N-O 

'*".t/.t™::J::} h!:N-«^N:.o 

""S-'/n'hTdrlS::   }  •  •   •      {8;N-0-N=8  NUHc  Add.  .      H-O-Nlg 

Nitrous  Oxide,  Hyponitrous  Oxide,  Laughing  gas. 
Nitrogen  Monoxide.  Nitrogen  Protoxide  (Sfi), — Uis- 
covered  in  1776,  by  Priestly.  Aiiiestheiic  elTect  first  discovered 
by  Sir  Humphrey  Davy.  First  used  in  dentistry  by  Wells,  of 
Hirtford,  Ct.     First  came  into  notice  as  an  anaesthetic  in  i86j. 

Preparation. — By  gently  heating  ammonium  nitrate  in  a  re- 
tort sinular  to  that  represented  in  Fig.  46,  when  it  decomposes 
into  nitrous  oxide  and  water. 

&  NH,NO,  =  N,0  4-  aH,0. 

When  prepared  for  anaeuhetic  purposes,  care  should  be  cxer* 
ctsed  to  keepthetem[)eratureof  the  retort  between  210"^  C.  (410** 
F.)  and  250*^  C.  (482**  F".),  as  below  the  former  the  decomposi- 
tion docs  not  take  place,  but  the  salt  sublimes  ;  while  above  the 
latter  nitrogen  dioxide  and  trioxide  are  generated.  As  an  addi- 
tional safeguard,  the  gas  should  be  caused  to  bubble  through  solu- 
tions of  sodium  hydroxide  and  ferrous  sulphate,  to  remove  these 
hi;^her  oxides. 

Properties.  —  A  colorless,  odorless,  sweetish-tasting  gas, 
slightly  soluble  in  water,  more  so  in  alcohol.  Density,  21.85. 
Sp.  gr.,  1.527.     Under  a   pressure  of  50  atmospheres  at  7°  C, 
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(45®  F.)  it  GoadcsHCs  to  a  coloHes  bqnid.  which  resumes  the 
leaseous  state  as  sooa  as  the  pressure  is  removed »  the  temperature 
linking  so  lorn  as  to  fvcctc  a  ponioo  of  the  hquid  into  a  white, 
BDOV-likc  solid.  Sp.  gr.  ot  ]iqaid,  0.90^.  Boiling  point  — 
8«*C.  (— u6=F.)-  Freczingpoiniaboot  — loi^'C  (— iso^F). 
U  is  neutral  in  reaction,  /.  /-..  neither  acid  nor  alkaline  It  sup- 
}iorts  the  combustion  of  bodies  very  much  like  oxygen  ;  this  is 
due  to  the  £ict  that  the  heat  of  the  burning  l»odics  decomposes 
the  gas.  giving  an  atmosphere  atrout  them  containing  twice  as 
much  oxvgcnasordinary  air  For  anaesthetic  purposes,  the  lique- 
fied gas  is  now  sold  in  wrought-iron  cylinders,  provided  with  a 
stop-cock,  so  that  the  gas  can  be  drawn  from  the  cylinder  as 
needed. 

Physiological  Effects. — Nitrous  oxide  causes,  when  first 
inhaled,  an  exhilaration,  then  anesthesia,  and  finallyy  asphyxia. 
It  will  not  support  the  respiration  of  plants  or  animals.  It  seems 
to  act  partly  by  excluding  air,  and  partly  by  its  direct  effect  upon 
the  nervous  system.  It  does  not  enter  into  any  chemical  com- 
bination in  the  blood,  but  sunply  dissolves  in  this  fluid.  When 
mixed  with  oxygen,  and  administered  under  an  increased  pressure, 
the  anie$the:>ia  may  be  kept  up  for  a  long  time  with  safety. 
Deaths  from  its  inhalation  are  rare.  It  docs  not  undergo  decom- 
position in  the  blood.  It  is  much  used  for  short  oi)eraiions,  and 
especially  for  the  extraction  of  teeth,  opening  abscesses,  felonst 
etc.  Recovery  is  prompt  and  complete  within  a  few  minutes 
after  its  withdrawal.  A  solution  in  water  containing  five  volumes 
of  the  g.is  has  been  administered  internally- 

Hyponitrous  Acid  (UNO). — This  acid  may  be  prepared  by 
the  action  of  hydrochloric  acid  on  the  silver  salt. 
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AgNO-f.  HCl  =  Aga-i-  HNO. 

The  potassium  salt  (KON)  is  formed  by  the  action  of  sodinm 
amalgam  on  potassium  nitrite  or  nitrate;  preferably  the  former: 

2KONO  -^  2H,  =  2KON  ^-  a  up. 

The  silver  salt  is  a  yellow,  almost  insoluble  powder. 
Nitric  Oxide  or  Nitrogen  Dioxide.     NO  or  N,0,. — Pr 
pared  by  the  action  of  nitric  acid  u^xju  copper. 

3CU  +  8HNO,  ==  3Cu(N0|),  -|-  N,0,  +  4H,0. 

Propeilies. — A  colorless,  transparent  gas,  very  sparingly 
soluble  in  water,  more  soluble  in  alcohol.  Density  15,  sp.  gr» 
<.oj9. 
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The  density  would  make  (he  molecular  wriglit  yy,  and  Ow  fonnula  NO, 
which  U  anumaluuii*  n.>  in  this  case  iiiirogen  must  t>e  considered  as  a  dyad. 
1  he  unlinnry  laws  of  valence  wouid  make  it  N,0,.  It  is  prubjble  that  at 
lower  lem[>eralure&  this  is  the  projier  formula,  and  at  ibe  higher  lempenilure 
diasociation  takes  place.  N^O,  spliuing  up  into  NO,  as  has  been  proven  to 
occur  in  the  case  of  N^O^. 

By  cold  and  pressure,  r he  gas  has  boon  reduced  to  a  liquid. 
Bodies  which  evolve  considerable  heat  in  burning,  as  i>hosphoriis, 
for  example,  burn  in  this  gas,  first  deconi|>osing  it,  and  then 
uniting  with  its  oxygen.  In  contact  with  free  oxygen,  or  air,  it 
lakes  up  this  gas  and  is  converted  into  N,0,,  or  N,0„  according 
to  the  amount  of  oxygen  present.  In  both  cases  it  gives  a  red- 
dish-brown colored  gas.  The  gas  may  I>e  u.sed  as  a  test  for  free 
oxygen.  It  is  rapidly  absorbed  by  a  sohition  of  ferrous  sulphate, 
to  which  it  imparts  a  deep  brown  color.  Its  action  on  the 
economy  is  not  known.     It  forms  no  corresponding  acid. 

Nitrous  Anhydride  {N,0,). — Prepared  by  the  direct  union 
of  nitric  oxide  (NjO^)  and  oxygen,  mixed  in  the  proportion  of 
two  of  the  former  to  one  of  the  latter.  Also,  by  warming  nitric 
acid  with  starch,  or  arsenious  acid,  and  by  the  action  of  the 
peroxide  on  cold  water. 

aNA  +  H*0  =  NA  4  2UNO,. 

Properties. — A  dark  blue  liquid,  boiling  at  0°  C.  (32®  F.), 
with  partial  cleronjposition,  into  N,0,  andN,0,  which  recombine 
on  coobng.  It  combines  directly  with  water,  producing  nitrous 
acid  (HNOy),  which,  on  warming,  decomposes  inlu  nitric  acid 
and  nitric  oxide. 

3HNO,  *=  HNO,  -f-  N,0,  +  H,0. 

As  will  be  seen  from  the  above,  this  oxide  is  very  unstable. 

Nitrous  Acid  and  Nitrites.— The  acid  is  not  known  in  a 
pure  state,  but  it  exists  in  solution,  and  several  of  its  salts  are 
known.  The  nitrites  are  formed  by  heating  the  nitrates,  when 
Ihcy  give  off  a  i>ari  of  their  oxygen.  The  action  is  rendered 
easier,  if  lead  or  some  other  oxidizable  metal  be  added  to  the 
fusion.  The  nitrites  are  produced  in  nature  by  the  oxidation  of 
nitrogenous  organic  matter,  accomi*anied  by  certain  forms  of  mi- 
croscopic life.  Such  nitrititation  takes  place  in  waters  |>oIluted 
with  organic  matter,  and  normally  in  the  soil.  The  acid  then 
combines  with  bases  found  in  the  water  or  soil.  The  presence  of 
nitrites  in  watrr»  is,  for  this  reason,  looked  upon  as  an  evidence 
of  previous  contamination  with  nitrogenous  organic  matter. 
Funher  oxidation  leads  to  the  formation  of  nitrates  in  the  same 
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circumstances.  The  addition  of  a  diluted  mineral  acid  to  s 
nitrite,  sets  free  reddish-brown  fumes.  A  solution  of  argentic 
nitrate  funus  a  precipitate  with  cold,  not  too  dilute,  solutions  of 
an  alkaline  nitrite.  These  two  reactions  distinguish  these  salts 
from  the  nitrates.  The  reddish  fumes,  above  mentioned,  are 
strong  oxidizing  agents,  and  set  free  iodine  from  potassium 
iodide.  A  solution  of  starch  with  which  iodine  forms  a  deep 
bhie  color,  and  a  solution  of  potassium  iodide  with  dilutecJ  sul- 
phuric acid,  are  used  as  a  test  for  nitrites  in  solution. 

Nitrous  acid  and  the  nitrites  act  as  reducing  agents  up;>n  an 
acid  solution  of  potassium  permmganate,  and  decolorize  this  lat- 
ter salt.  The  nitrites  can  be  taken  up  by  plants,  and  elaborated 
into  their  structure,  and  hence  are  valuable  fertilizers 

Nitrogen  Peroxide,  Nitrogen  Tetroxidc,  Nitrogen 
Dioxide  (N^O/).  —  it  may  be  pre^wred  by  mixing  e»]ual  volumes 
of  nitric  oxide  and  oxygen  :  — 

or,  more  easily,  by  heating  dry  plumbic  nitrate  in  a  retort,  and 
passing  the  vaiKtrs  into  a  cooled  receiver,  where  they  condense 
into  a  liquid  : — 

2Pb(N0,),  =  jPbO  -f  2N,0,  +  O,. 

Composition. — NgO^  appeus  to  exist  in  a  pure  state  only  at  iccaperalures 
below  o°  C.  (32°  F.).  The  liquid  i»  colorles*  at  these  tcmi»eratures,  but  at  its 
bailing  [xiinl  is  yellow  in  coWsr,  owing  to  partial  disiioctaliun  into  NO,,  which 
is  complete  at  about  150*  C   (302°  >". ). 

The  gu  is  always  reddUh-brown  in  color,  due  to  the  presence  of  NO,, 
while  N,0,  is  colorless.  The  ilensiiy  of  the  giu  at  26°  C.  (78.8**  F.)  (the  boil- 
ing point  of  the  liquid),  is  3S,  and  conuins  ao  per  cent,  ot  NO,,  On  rming 
the  temperature,  the  density  diniint^iheii  and  (lually  becomes  constant  at  150^  C, 
(302®  K),  and  equals  23.  This  d^n^ity  corresponds  to  NO^  =  46.  This  phe- 
nomena of  dissuctaiion  is  frequeully  noticed  in  determining  the  density  of 
bodies  at  tem{>eniturcs  much  above  their  boiling  jwinU.  The  laws  of  equiv- 
alence seem  ii  hold,  in  these  cases,  only  at  the  lower  temperatures,  at  which 
dissociation  does  not  take  place;  heace,  the  coofusion  that  exists  in  the  formulic 
of  iuch  bodies  as 

NjOj  or  NO,.  N,0,  or  NO,  HgjCI,  or  Hga,  etc. 

Properties,— Cold  water,  in  small  quantity,  decoraposes  it 
into  NjOj  and  UNO,,  while  in  larger  quaniiiies  and  with  alkaline 
hydroxides,  it  forms  nitrous  and  nitric  acids,  or  their  salts. 

The  teiroxide,  N,0,,  and  the  dioxide  NU,.  both  act  as  strong 
oxidising  agents,  setting  iodine  free  from  the  iodides. 

Nitric  Anhydride  and  Acid,— N,Oj  and  HNOv  Nitric 
Anhydride  is  a  white  crystalline  solid,  fusing  at  30°  C.  ^^86**  F.), 
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and  boiling  at  47*  C.  (ti6.6°  F.).  Obtained  by  treating  dry  silver 
nitmte  with  chlorine,  or  by  the  removal  of  water  from  fuming 
nitric  acid  by  the  action  of  phosphoric  anhydride  (PjOj).  The 
oxide  U  unstable,  and  has  a  strong  affinity  for  water  with  which 
it  forms  nitric  acid.     It  has  no  sp;?cial  tjse. 

Nitric  Acid  -Aqua  Fortis,— Acidum  Nitricum,  U.S.  P. 
'HNO,)»  is  the  most  imiiortant  of  the  acids  of  nitrogen.  It  does 
not  occur  free,  but  as  nitrates  widely  disseminated.  It  is  asiially 
prepared,  commercially,  by  the  action  of  sulphuric  acid  \ipon 
potassium  or  sodium  nitrate,  in  glass  or  cast-iron  retorts. 

*NftNO,  +  H,SO,  =  HNaSO.  +  HNO,. 
The  arrangement  of  the  iron  retorts  (A)  and  the  stoneware 
condensers  (H)  are  shown  in  section  in  Fig.  55.     The  sodium 
^.nitrate  and  an  equal  weight  of  sulphuric  acid  is  run  in  through 
^Rhe  stoppered  openings  at  the  back.     The  iron  is  jiroiected  from 
^'^the  acid  by  a  lining  of  fire  clay.     When  heat  is  applied  to  the 
retort  the  nitric  acid  distils  over  and  condenses  in  the  sioneware 
Woulfe  bottle  B,  which  is  kept  cooled  by  cold  water. 


Il  is  also  formed  in  small  quantities  by  the  passage  of  electric 
ischjrges  through  a  mixture  of  nitrogen  and  oxygen.  This 
ike*  j»Iacc  in  the  air  by  the  passage  of  flashes  of  lightning, 
'obably  by  the  oxidizing  action  of  the  ozone  generated  by  these 
lenomcna.  The  nitrates  are  formed  in  the  soil  and  natural 
raters  by  the  oxidation  of  organic  matter,  called  nitrification, 
id  is  induced  by  certain  microscopic  organisms  called  the  nitri- 
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•-/  •'rr-.v--'..  r-  s:in»  .it^iaj-ts  thit  trx-s  s  rijo^atted  ini- 
■«'..%■  •;•**  r-'-fca  .-  N  ir*."*. 

.V:  "--.-j^^-.  ^_  i.:-.i-  :ri^jLL:»:i  jtf  iic^it  rsdiits  szhcarc 
*.',';  •-•«.',.*:■.  --•  _'."..  :.:<*  I'-i^z.  :i.>^  id;  ^£i:ct=ie.  It  is 
:.•..'  -  ■  -  -. .  -*:  ■-..  -i:  :-  -m-.ijL  ',ijz.'iK.  -rraisi  wiici  recxizstbe 

Propcrties. — Tr.'i  :f^t  acji  s  2  ciJirl^sE..  ra:ber  bcaTT. 
;'..-:-  :.,  .  ,.::.  .--i-.--^  1  ;;..  rr.  >:  i  5*.  rcc-ia^a:  56*  C.  ^iS6.8* 
r  ,  ir.c  o..:.;'^  r.^  a:  — ^-  C.  — *==  F.  .  Tae  st.  £t.  and 
V/  :.,--ry:.t  o:  ".r.*  c;l--t*c  acii  vary  w:ih  tac  p-roportioD  of 
»'.';  ;,.••: >t:.t.  '•Vr.er,  hir'^z^W  braced,  or  oc  cxpORixe  to  light 
%:.':  H.r,  :.-,':  tf'-.i'j  firr^  t^IIow  a2-i  s  decomposed  into  nitric 
u^T'*f..':»:    S/)^  .  »a'eT.  ar.d  ox>gen. 

.'•.'ri'.  i',. :  rawiiiy  ?:vt^  up  a  portion  of  its  oxvgen,  and  thus 
^f* .  '4:  k  to:./  ox'Aiz.T.g  aient-  a::ackiDg  and  destroTing  vege- 
i'.iij.i  it.t:  'a:..u^:x\  ti<n*jt;)  and  coloring  matteis.  It  is  sometimes 
■*y.".*  H',  a  'i  :'';r.z:r.i^  agen:.  nr*t  producing  a  jreliow  stain,  then 
tt*:.*f',y,:.]i  ■:.':  t  -.-.;•;.  Wr.j.e  it  oxidizes  most  organic  bodies,  it 
*ti'*:t\  i!.*o  tit':  'on.j/>j:tion  o:'  others,  forming  substitution  pro- 
';•."..  f  ri\.  ;.'!;. r':rin,  'oiton.  sugar,  etc..  when  treated  with  it, 
form  rrxj.loiv;  -,:i'/»ti*.ijtion  products.  Most  metals  disolve  in 
tri':  .1' ;'I,  forrriin;:  nitrates;  gold  and  platinum  are  exceptions. 
'\h"  i.on  ri,*:t;iis  or  negative  elements  are  usually  oxidized  by  it. 
M'l-illi*  iron  disvjlves  readily  in  the  dilute  acid,  but  when 
pl'inj""']  into  the  strong  arid,  it  assumes  a  condition  known  as  the 
p;i*»*;ivc  Btatc;  if  now  it  be  put  into  dilute  acid,  it  is  not 
;iri,iM'wl  \,y  It  iinril  a  piece  of  platinum  is  brought  into  contact 
with  ir,  or  by  M/me  other  means  the  passive  condition  is  dc- 
:\royfi\.  NitroBo-nitric  acid  is  a  yellow,  partially  decomposed 
it'u\,  *oiit;iiniii;,'  nitri*:  jK-roxidc  (S/J^).  Aqua  Vegia  is  pre- 
\t.iiri\  |,y  itiixiri^'  lo^'cthcr  four  [jarts  of  hydrochloric,  and  one  of 
tiiiii*  ,1*  III ;  It  soon  assumes  a  yellowish  red  color,  and  has  the 
|H*wii  lo  (liv.oIv(!  Kold.  platinum  and  other  metals,  with  the 
f'liiiijilioii  III  r  liloritlcs. 

FuiniiiK  Nitric  Acid.— A  reddish-brown  acid.  Sp.  gr. 
I  '.'i-i  (oiKjinin^  N/)^  or  i\0^.  Used  as  a  powerful  oxidiz- 
ing^ .t);'-nl. 

Olficial  Forms.  — Acidum  Nitricum.  — Sp.  gr.  1.414,  at 

I  •>"  < '.  (  si/'  1'".  ).  <  otiiains  6S  per  cent,  of  HNO^. 

Aridum  Nitricum  Dilutum  is  prejwred  by  adding  5.8 
IMM-.  nf  (listillnl  waliT  to  one  of  the  above  acid.  Sp.  gr  1.057, 
"I  is"  <■.  vs*>"  I*'),  and  contains  10  |)er  cent,  of  HNO,.  Used 
Itir  Miirniiil  administration.     L)ose,  lU  5  to  15 
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Tests. —  I.  Add  to  the  suspected  liquid  some  ferrous  snl- 
phaie.  and  pour  the  mixture  on  some  sirong  sulphuric  acid  in  a 
test  tube.  A  black,  brown,  or  reddish  zone  at  the  point  of  con- 
tact of  the  two  liquids  indicates  nitric  acid. 

2.  Heat  the  saspected  solution  with  some  sulphuric  acid  faintly 
colored  with  indigo,  when,  if  nitric  acid  or  a  nitrate  be  present, 
the  blue  color  will  disappear. 

3.  The  strong  acid  imparts  a  deep  red  color  to  the  alkaloid 
brncine. 

4.  When  heated  with  copper  turnings,  the  liquid  assumes  a 
green  color,  and  evolves  reddish  fumes.  When  the  acid  is  in 
combination,  a  stronger  acid  must  be  added  to  set  it  free,  as  in 
test  2. 

Physiological  Effects. — In  small  quantities,  well  diluted, 
[it  is  a  stomachic  tonic,  and  augments  the  secretion  of  urine.  It 
seems  to  be  mostly  decomposed  in  the  body,  but  a  small  quantity 
may  pass  into  the  urine  as  nitrates ;  it  acts,  therefore,  as  a  oxidiz- 
ing agent.  The  strong  acid  is  a  corrosive,  violent  poison,  first 
staining  the  tissues  and  vomit,  with  which  it  comes  in  contact,  a 
bright  yellow  color,  and  then  corroding  them.  The-;e  stains  will 
be  found  on  the  tongue  and  fauces  in  cases  of  poisoning  by  this 
:id.  Antidote  —milk  of  lime,  magnesia,  or  other  alkalies  well 
liluted,  followed  by  sustaining  treatment. 
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|t>ens>ity  of  vapor  ==  62.     Mol.  wt.  124.  =  P^.     At  very  high  tempera- 
tures D  =  31  and  Mol.  wt.  =  63  =  P,, 

Occurrence. — Discovered  by  Ilrandt,  in  1669,  in  urine  ;  and 

ly  Gahn,  in  bones,  in   1769.     It  does  not  occur  native,  but  as 

»hates.    and    in   organic   substances.     The    most    common 

iineral  is  calcium  phosphate,  Ca5(PO,\,  derived  from  the  bones 

of  prehistoric  mammals. 

Preparation. — Phosphorus  is  usually  prepared  from  the  ash 
^Lof  burnt  bones,  in  which  it  exists  i\s  tri-calcium  phosphate, 
^■Ca,(PO,),.  The  a.sh,  by  treating  it  with  sulphuric  acid,  is  first 
^nonvcrted  into  a  soluble  monocatcium  phosphate,  sometimes 
^■called  superphosphate. 

fl  Ca,(Prj,),  +  alljSOj  =  CaH,(  PO,),  +  aCaSO,. 

The  CaH,(POj"),  is  dissolved  in  water,  and  drawn  off,  leaving  the 
16 
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CaSOj  in  the  vat.  This  Folution  is  evaporated  to  dryness,  aft' 
adding  powdered  charcoal  and  sand,  and  ihen  iransferred  to  a 
retort,  whose  beak  di]»s  under  water.  The  retorts  are  then 
gradually  heated  to  a  high  leraperature,  when  the  CaH/POJ,  is 
first  dehydrated  and  converted  into  calcium  metaphosphate.  Ca- 
(POg)jand  water,  and  then  undergoes  reduction  under  the  action 
of  the  carbon  and  sand  as  follows: — 


CaH,(PO,},  -=  Ca(PO,),  +  2H,0. 
2C«(PO,),-|-  abiO,  -f  JoC  =  aCaSiO,  1-  loCO  +  P4. 


I 
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The  free  phosphoms  distils  over  and  condenses  under  the  water 
as  an  impure  article,  which  is  purified  by  redistillation,  or  by 
fusing  it  under  water  with  sulphuric  acid  and  potassium  dichro- 
niate.     It  is  then  ca^t  into  sticks,  in  moulds. 

Properties — Physical. — Phosphorus  is  met  with  in  several 
distinct  allotropic  stales. 

The  ordinary  form  is  a  translucent,  waxy-looking  solid,  whi 
at  ordinary  lenij^ratures,  is  tenacious,  and  about  the  consisten 
of  wax  ;  but  at  o*^  C.  (32°  V.)  and  below,  it  becomes  brittle 
melts  ai  44°  C.  (111°  K.)  under  water,and  boils  at  290°  C.  (554" 
F.).  By  the  action  of  light,  it  soon  l>econies  coated  with  a 
whitish  or  reddish  layer,  probably  an  oxide.  The  sp.  gr.  is  i.8j 
at  10°  C.  (50°  F.).  It  shines  in  the  dark,  and,  when  exposed  to 
moist  air,  emits  the  odor  of  ozone.  It  is  insoluble  in  water  and 
alcohol,  but  soluble  in  ether,  benzene,  |)eiroleum,  and  in  the 
fixed  and  essential  oils.  The  best  solvent  is  carlion  disiilphide. 
From  this  solution  it  separates  in  the  form  of  octahedral  and 
do(Jccahedral  crystals.  When  a  portion  of  the  solution  is  iK)ured 
upon  filter  jiaper  and  allowed  to  evaporate  spontaneously,  it  lakes 
fire  when  the  evaporation  is  complete. 

Red  or  Amorphous  Phosphorus  is  a  reddish-brown  amor- 
phous powder,  ol  sp,  gr.  2.14,  insululile  in  carbon  disulphide; 
it  does  not  alter  in  the  air.  and  docs  not  show  the  phosphores- 
cence in  the  dark.  While  ordinary  phosphorus  is  very  poisonous, 
even  to  workmen  handling  it,  this  variety  is  entirely  harmless. 
When  heated  to  260°  C.  (500''  F.),  it  does  not  melt,  but  gradually 
sublimes.  The  vapor  is  converted  into  the  ordinary  form, 
which  takes  fire  in  presence  of  air. 

Red  [ihosphurus  is  prepared  by  heating  the  ordinary  variety 
for  about  thirty-six  hours,  to  a  temperature  of  from  250°  C.  (482* 
F.)  to  300"  C.  (572**  F.)  in  an  atmosphere  of  hydrogen,  carlK)n 
dioxide,  or  in  an  exhausted  iron  vessel.  'I  he  mass  is  then  washed 
with  carbon  disulphide,  to  remove  any  of  the  ordinary  variety 
remaining. 
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iher  varieties  of  phosphorus  have  been  formed.  The  metal- 
form  is  prfjiareii  by  heating  the  red  variety  in  a  scaled  luhe 
lo  500°  C  (952*^  F.)  when  hiack,  metallic  looking,  microscopic 
needles  sublime  into  the  cooler  portions  of  the  tube.  Thcsp.  gr. 
of  this  variety  is  2.34,  and  it  is  less  active  than  the  red  variety. 

Chemical  Properties. —  The  most  characterisiic  property 
of  phosphorus  is  its  ready  oxidation.  If  the  ordinary  variety  b«^ 
heated  to  60"^  C.  (140^  K.)  in  contact  with  air,  it  takes  fire  and 
bums  with  a  brilhant  flame,  and  evolves  a  voluminous  white 
cloud  of  phosphoric  pentoxide.  It  may  be  burned  under  warm 
water,  by  throwing  a  jet  of  oxygen  upon  it. 

It  must  be  kept  under  water  to  prevent  it  from  taking  fire  s[X)n- 
taneously.  When  fragments,  partly  covered  with  water,  are  ex- 
posed to  the  air,  while  fumes  are  seen  to  rise  from  them  which 
contain  ozone,  hydric  peroxide,  and  possibly  ammonium  nitrite 
(NH^NOj).  This  ozone  is  thecai:se  of  the  odor  usually  detected 
when  phosphorus  is  exposed  lo  the  air.  The  red  variety  does 
not  oxidize  in  the  air,  and  may  lie  handled  with  impunity. 
Pho>phorus  unites  readily  with  fluorine,  chlorine,  bromine 
and  iodine,  forming  in  each  case,  two  compounds  of  the  general 
formula  PR,  and  PRj.  exce|)t  in  the  case  of  iodine,  which 
forms  PI.  and  PI,.  An  oxychloride  of  phosphorus  (POCl)  is 
also  known.  It  combines  with  most  other  elements  excepting 
carbon,  nitrogen  and  hydrogen.  It  reduces  some  metallic  sails, 
as  copper  and  silver,  to  the  metallic  state. 

Tests, — Its  phosphorescence  in  the  dark,  either  as  found,  or 
after  separating  il  with  carbon  disulphide  and  evaporation  of  the 
latter  lit]uid,  is  used  as  a  test.  It  imiuirls  a  green  color  to  the  hy- 
drogen Hame,  when  this  gas  is  conducted  through  a  solution  con* 
taming  it  before  being  burned. 

Physiological  Action, — Owing  to  the  ready  inflammability 
of  the  ordinary  variety,  deep  burns  are  liable  to  occur  from 
careless  handling,  which  are  more  serious  and  difficult  to  heal 
than  burns  from  other  combastibles.  When  taken  internally, 
phosphonis  is  a  very  poisonous  substance.  Cases  of  poisoning 
from  **  ratsbane*'  or  "rat  poison'*  containing  it,  are  not  in- 
frc<)uent. 

The  symptoms  of  acute  poisoning  are  a  garlicky  odor  and 
^te  in  the  month,  heat  and  burning  in  the  stomach,  vomiting 
of  a  dark-colored  matter,  which  is  phosphorescent  when  shaken  in 
the  dark.  Weak  pulse,  low  tem|x*rature,  cold  extremities,  di- 
lated pupils,  and  a  clear  mind  arc  usually  seen.  Death  occurs  in 
from  2  to  13  days.     The  average  time  is  about  3  to  4  days. 
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These  svvptoas  auy  anake  tlM* 
die  poisoo  is  oken,  or  after  3  or  4  day*^ 

TbepoboBoos  dose  varies,  ^tolofagrminhasprodoocddcath. 

Aaddotes.  Tbere  is  no  cbcasical  aoikiocie.  Emetics,  or  che 
Uanmch  pooip  are  the  bcsx  carijr  ticatiBCflt;  then,  macilaginous 
drinkSy  with  Kok  or  nagacsia,  or  oil  of  torpentiDe.  The  old  oil 
is  best ;  bot  no  other  oik  sfaoald  be  given,  as  they  dissolve  the 
phospboras  and  fiiTor  ab9orf)CioQ.     Recovery  is  rare. 

Chtooic  poisooii^  of  worinneii  in  ■aCch  bctories  frequently 
occurs ;  the  symptoms  are  Cutgiie.  pains  in  stotnach  ax>d  bowels, 
with  diarrbGea,  carious  teech,  sirolkcQ  axKl  inflanied  gums,  and 
finally  necrosis  of  the  javs,  nsnaUy  the  lover.  Fatty  degenera- 
tion of  the  Hver,  kidneys,  heart  and  other  raoscies,  and  destruc- 
tion of  the  red  corposcles,  are  also  noticed. 

These  eWls  are  now  remedied  by  using  red  phosphorus  in 
making  matches,  as  it  is  not  poisoooos. 

Official  Preparations: — Oleum  Phosphoratum. — A  t 
per  cent,  solution  of  phosphorus  in  sweet  almond  oil. 

Pilulae  Phosphori. — 'Ilvese  pills  contain  0.0006  gm.  (^^ 
grain)  of  phosphoni<.  each,  and  are  coated  with  balsam  of  tolu. 

Spiritus  Phosphori. — Spirit  or  Tincture  of  Phosphorus.  This 
is  a  solution  of  pho-»phorus  in  absolute  alcohol,  made  by  distilla- 
tion, and  containing  1.2  gm.  in  1000  c.c. ;  it  is  used  for  making 
Elixir  Phosphori.  This  elixirconiains  210  c.c.  of  the  tincture 
and  550  c.c.  of  glycerin,  to  the  litre. 

Phosphorus  and  Hydrogen— Phosphorcttcd  Hydro- 
gen.— Phosphin. — There  are  three  hydrides  of  phosphtirus 
known,  which  are  all  foniied  together  by  boiling  phosphorus 
with  strong  |X)tash  or  soda  lye,  or  with  milk  of  lime.  They  ap- 
pear as  a  gaseous  mixture,  which  takes  fire  spontaneously  on  com- 
ing to  the  air.  When  the  beak  of  the  retort  in  which  it  is  pre- 
]>ared  dips  under  water,  a  precaution  always  to  l»e  taken,  each 
bubble  ignites  on  coming  to  the  surface^  producing  beautiful 
white  rings  of  Pfiy  This  inflammable  gas,  composed  mostly  of 
PH,,  is  found  on  examination  to  contain  also  a  liquid  compound 
(P,HJ.  which  is  highly  inflammable  on  exposure  to  air,  while  the 
gas  (PHg)  is  not.  This  ytltow  volatile  ii<]uid,  on  standing  in 
sunlight,  r!ei>osits  a  yellow  solid  (P,Hj). 

Phosphin  (  PHJ  is  colorless,  sparingly  soluble  in  water,  and 
has  a  strong  alliaceous  odor. 

The  impure  gas  is  formed  during  the  putrefactive  decomposi- 
tion of  orj^'anic  substances  containing  phosphonis,  especially 
under  water,  and  takes  lire  spontaneously  on  rising  to  the  surface. 
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producing  the  ignis  fatuus  or  •*\Villo*  the  wisp'*  sometimes 
!»ccn  in  marshy  places.  The  gas  is  very  poisonous,  even  in  small 
quantities.  The  blood,  after  deaths  caused  by  it,  is  found  to  be 
dark  colored,  with  a  violet  tinge,  and  has  lost  the  power  of  ab- 
sorbing oxygen.  It  poisons,  therefore*  by  its  reducing  action  on 
the  blood.     Its  den5ity  is  17,  and  its  sp.  gr.  1.134. 

Phosphin  resembles,  in  some  respects,  the  corresponding  com- 
pound of  nitrogen,  (NH,).  It  unites  directly  with  H  Br  and  HI  to 
form  phosphonium  bromide,  (PH^Br).  and  iodide,  (PH,1), 
corresi>ond»ng  wiih  iheatmnonium  conii>ounds,  NH^lir  and  NH,1, 

Phosphorus  and  the  Halogens.— Phosphorus  forms  three 
comiwunds  with  chlorine.  Phosphorus  trichloride,  PC1„ 
is  a  colorless  fuming  liquid,  boiling  at  74°  C.  (165.2°  F. ),  sp.  gr. 
1.64,  and  prep.ired  by  direct  union  of  the  elements.  It  is  much 
used  as  a  reagent  in  organic  chemistry. 

Phosphorus  Pcntachloride  (PCIJ,  is  a  yellowish-white, 
crystalline  solid  fuming  in  the  air,  and  subliming  without  fusion, 
when  heated.  It  is  prep^ired  by  treating  PCI,  with  an  excess  of 
chlorine,  and  is  used  as  a  reagent  in  organic  chemistry. 

Phosphorus  Oxychloridc  (POCl,),  is  formed  by  the  action 
of  a  limited  quantity  of  water  on  the  i>entachloride.  It  is  a  color- 
less liquid  with  a  pungent  odor,  and  a  sp.  gr.  of  1.7.  Boils  at 
iio°C.  (230°  P.).  Phosphorus  unites  directly  with  bromine, 
giving  a  tribromide  and  i>entabromide;  and  with  iodine,  giving 
two  crystalline  solid  comixiunds,  PI,  and  Pjl^ ;  and  with  fluorine, 
PF,  and  PFj.  These  latter  compounds,  as  well  as  those  of  phos- 
phorus with  sulphur,  of  which  there  are  six  known,  are  of  no  in- 
terest to  the  medical  student. 

Phosphorus  and  Oxygen. — The  following  oxides  and  acids 
are  known  ;  — 

I',0   Pbospburiis  suboxide. 

P,0,   P  — « » —  r  l'ho»plwnis  monoxide  -f  3H,0  =  aH^POj.      llypophos- 

phorous  acid. 
PjOj,  0=^P— O  — P  =  OPhosphoruusirioxide4-3H,0  =  aH,FO,,   ITios- 

phoraus  acid. 


mrus  lecroxide. 


P,0„  ^P  — O— P?f^  Phosphorus   pcntoxxde 


H-  3H  O  =  aH.R), 

(.Mlio phosphoric  acid. 
-f  211,0  -  H,P,0, 
l'yro|>hos{)horic  acid, 
-(-  Il/l    t  2HIX), 
Mctapbo&pburic  acid. 

Phosphorous  Oxide,    Phosphorous   Trioxidc   (P,0^). 
This  compound  is  formed  by  the  slow  oxidation  of  phosphorus  in 
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dry  air.     When    dissolved    in   water    it   forms   phosphorous 
acid.  H— O— p-  O 
H-0— *— H 

PA  -t-  3H,0  =  2H.PO,  or  2H,PH0,. 

Phosphorous  Acid  is  a  colorless  liquid,  which  is  easily  oxi- 
dized  to  phosphoric  acid  by  absorbing  oxygen  from  the  air.  It 
is  a  dibasic  acid.     Its  salts  are  known  as  phosphites. 

Na,PHOj    Sodium  phosphite. 
KjPHO,     Potassium  phosphite. 

Tests, — t.  With  HgCl,  it  gives  a  white  ppt.  consisting  of 
Hg,Cl,. 

2.   W  ith  AgNO^  it  gives  a  black  ppt.  of  melallir  silver. 

Phosphoric  Oxide,  Phosphorus  Pentoxide  t.P,Oj). — 
This  is  lorincd  by  tlic  rapid  burning  of  phosphorus  in  the  air, 
and  rises  a.s  a  voluminous  white  cloud.  It  hasa  [«werful  affinity 
for  water,  with  which  it  combines  with  a  hissing  noise,  forming 
metaphosphoric  acid  ;  this  when  heated  with  more  water  is  con- 
verted into  the  orthophosphoric  acid. 

PA  +  H,0  =  2HPO,. 
2HPO,  -i-  alljO  =  aHjPOj. 

Orthophosphoric  Acid,  or  Common  Phosphoric  Acid, 

(H,P(>J,  is  the  iDiJat  im|>ortant  acid  of  Phos]ihoriis.  It  is  readily 
prei:)ared  by  boiling  phosphorus  with  diluted  nitric  acid,  and 
evaporating  the  solution  to  a  syrupy  consistency. 

A  very  strong  nitric  acid  should  not  be  used,  because  the  oxi- 
dation would  then  be  so  raftid  that  an  explosion  might  occur. 

3P,  -»-  loHNO.  +  4".0  ==6H,PO,  +  SNA- 

It  may  also  be  made  by  decomposing  phosphates  with  sulphuric 
acid.     It  is  a  tribasic  acid  forming  three  series  of  salts,  namely  : 

1.  Normal  salts. 

NojPOi      Tribodium  phosphate. 
Ca3(P0,),  Tricftlciiim  phosphate. 

2.  Acid  salts. 


A. 


j  Na,HPO,        Disodinro  hylrogen  phosphate. 
\  Ca^ifjt  PU^^,   Dicalciiim-hyilrogen  pho*p  ate. 
n       j  NaHjPOt       Sidiiim-dihyilrogcn  phosphale. 

\CaH,(PO(),    Mono-calciuui-lctiahydrogcn  phosphate. 
(A)  have  a  neutral,  and  (B)  an  acid  leaction. 


Doable  salts. 

Acidatn  Phosphoncazn  U.  Sw  P..  is  a.  cotofteg,  odorless* 
noo-fmaii^  stroi^f  aoi  bqsul^  oontMsag  doc  lee  ttuo  S5  per* 
csent.  of  abaoloie ordi^-pboflpboric  add.    SpL  gr.i.jioat  15^  Q 
(59^  F.).  It  it  madble  in  all  fopoctiotis  with  water  and  akohol. 

\yhea  healed  to  soo*^  C.  (392^  F.)  it  loses  water,  and  is 
gradoaily  cooYrrted  into  pyropbocpboric  acid.  At  a  higher  tern* 
pentturc  it  u  caorcTtal  itUo  neupbospbocic  aad,  which  volatil* 
ices  in  dense  ftonei,  and  ooodease  into  a  transparent  nuns  called 
glacial  phosphoric  acid. 

3ll,PO,  —  li/D  =  ^t^/h  fiwophasfbanc 
2H,PO.  —  3H/>  =  sHPOb  Caacial,  V  Mbvbo^iharic  kU. 


Acidum  Phosphoncum  Dilutom,  U.  S.  P.,  oontaiiis  10 
percent,  ofabaolnte  HjPO^.     Sp.  gr.  is  i-o57at  I5*C  l59*F.). 

Tests: 

I.  Add  a  slight  excess  of  KH,OH,  then  a  solution  of  NH.Cl, 
aiMl  aoeae  MgSO^solutioa.  A  white  crystaUineppt.  of  amakoniom- 
B  pbo4>bAte  is  pvodoced. 


H,PO^  +  MrSO.  +  3NH.OH  =  NH.MePO,  +  (NH  J^,  -f-  jH/>. 

a.  If  this  ppc  be  dtsotred  in  dilate  acetic  acid,  and  a  solution 
of  AgNo^  added,  a  jellov  ppt.  of  bilvrr  pbosphate  is  produced. 

3.  If  a  solodoQ  of  aminooiiun  molybdate  in  dilute  HNO,  be 
added  to  pbospboiic  acid,  or  a  phosphate,  and  heat  applied,  a  yel- 
low ppt.  of  phaspbo-molybdate  of  anuDaomm  is  prodtM^ed.  The 
ppt.  ts  readily  soluble  in  amjioDia  water.  This  is  a  very  delicate 
test. 

Pyrophosphoric  Acid. — When  phosphoric  acid  is  heated 
to  al>out  200°  C.  (392®  F.),  t*o  molecules  lose  one  molecule  of 
water,  and  then  anite  to  form  a  doobly  condensevi  molecuJe, 
which  is  called  pyrophosphoric  acid.  This  is  a  tetrabasic  acid, 
H,P,0^.  and  fonui  salts  caJied  pyrophosphatei.  Sodium  p}TO- 
phosphate  has  the  formuU  Na,P,0.. 

Tests. — I.  It  gives  a  white  ppt.  with  ammonio-nitxate  of 
silver.     The  ortho-acid  gives  a  yello*  ppt. 

a.  It  is  not  Pptd.  by  ammonium  molybdate,  and  does  not 
coagulate  albtmin. 

Metaphosphoric  Acid,  HP<),  (ClUciil  Phosphoric  .Acid), 
— Whcu  p) TOijhu.->phtjric  acid  is  heated  almost  to  redness,  meta- 
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phosphoric  acid  is  produced  as  a  white,  glassy,  colorless  solid. 
It  is  usually  prepared  by  heating  ammonium  phosphate  to  a  red 
heat.  ^K 

(NH,),PO.  =  3NH,  4   H,0  4   UVi\  ^ 

Meia])bosphoric  acid  is  monobasic,  and  forms  sails  called  meta- 
phospliates.     NaPOj  is  mctaphosphate  of  sodium. 

Tests,  —  I.  It  gives  a  white  ppt.  with  ammonto-nitrate  of 
silver. 

2.  It  coagulates  albumin,  while  pyro-  aiid  ortho-phosphoric 
acids  do  not.  fl 

3.  It  is  not  pptd.  by  MgSO^,  in  the  presence  of  NH^OH  and      ■ 
NH^Cl,  as  the  onho-acid  is, 

Meta-  and  pyrophosphoric  acids  and  their  salts,  when  taken 
internally,  are  said  to  have  a  decided  inhibitory  action  upon  the 
motor  ganglia  of  rhc  heart,  and  may  even  cause  its  cessation 
anti  death  when  given  in  too  large  quantities. 

Hypophosphorous  Acid  (H^PO,). — When  ordinary  phos-  h 
phorus  is  boiled  with  a  solution  of  sodium,  potassium,  barium,  H 
or  calciinii  hydroxide,  lahosphurus  hydride  escapes,  and  there 
is  formed  in  the  solution  a  hvpophosphite  of  the  metal  prescnt. 
The  acid  may  be  prejtared  fiom  the  barium  salt  by  treatment 
with  enough  diluted  sul]iluiric  acid  to  precipitate  the  Iwirium  as 
sulphate.  The  filtered  solution  is  then  to  be  concentrated  under 
the  air  pump,  as  heat  decomiwses  it.  'I'he  acid  thus  jirepared,  is 
a  colorless,  syrupy,  strongly  acid  liquid  ;  it  is  unstable  in  the  air, 
gradually  changing  into  phosphorous  and  phosphoric  acids.  The 
acid  is  of  liitle  importance,  but  several  of  its  salts  are  used  in 
roedici  ne.  They  are  general  ly  ad  mi  n  istcrcd  i  n  the  form  of 
syrup.  They  have  a  strong  reducing  action  on  many  metallic 
salts,  and  this  should  be  remembered  in  prescribing  them. 
Mercuric  chloride  is  reduced  tt>  metallic  mercury  by  the 
alkaline  hypophosphites,  and  ferric  lo  ferrous  salts. 

Acidum  Hypophosphorosum  Dilutum,  U.  S.  P.,  is  a 
colorless,  odorless  liquid,  miscible  in  all  proportions  with  water. 
It  should  contain  10  [xrr  cent,  of  absolute  hypophosphorous  acid, 
HjPO,orHPH,0,. 

When  subjected  to  high  temperatures,  it  breaks  up  into  PH, 
and  H  ,PO,,  the  PH,  igniting  on  contact  with  the  air. 

Tests. — I.  Silver  nitrate  gives  a  black  preci|iitate  of  metallic 
silver.  2.  When  gently  healed  with  CuSO^  solution,  a  yellow 
precipitate  of  hydride  of  copper  falls,  which  rapidly  turns 
reddish-brown. 
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Hy{-o('b<»pborous,  as  well  ms  phosphorous  acid,  is  peculiar  in  its  conipo- 
silion.  V\  hilc  (lirrc  arc  ilircc  aioms  of  hjclrogc-n  tn  ihe  inoleculci>  of  l.c 
acids,  but  one  in  llie  fir^t  and  iwu  in  ibc  second  aie  basic,  /.  r.  ibat  can 
TC).>Iaccd  by  a  bniiic  ladical  or  metallic  alon).  In  these  two  acids  the  ph( 
pbciru&  t^  {icntnd,  a^  in  phc^tptionc  arid;  and  in  Ihc  former,  two  non-ba^ic 
nydroycn  utains  are  believed  to  be  united  directly  to  the  phospborus,  while 
the  hasic  bydrugcn  atom  is  linked  to  it  by  an  ox)gen  nloin,  thus; — 


H. 


Oi 


— O— H 


Hjrpophorouft  Acid. 


PhtHphorous  Add. 


ARSENIC. 

At  =  75. 

Occurrence. — Arsenic  occurs  native  and  in  the  form  of 
arsenides,  the  sulphides,  orpiment  and  realgar,  and  as  arseni- 
cal pyrites  or  mispickel.  Besides  occurring  in  ihese  minerals  in 
considerable  (luaniiiies,  it  is  contained  in  small  quantities  in  a 
great  number  of  other  minerals,  and  even  in  organic  sulwtanccs. 
The  sulphides,  and  even  the  element,  were  known  to  the 
Ancients. 

Preparation. — It  is  usually  obtained  in  Ihe  form  of  the  oxide 
by  calcining  mispickel,  and  condensing  the  white  volatilised 
ASjO, ;  this  oxide  is  then  strongly  heated  in  a  retort  with  char- 
coal, when  tile  element  distils  over.  AUhoii/^h  this  is  the  method 
most  used,  it  may  be  obtained  from  other  minerals  containing  it. 

Properties. — A  brittle,  steel-gray,  crystalline  solid,  pos- 
sessing a  metallic  lustre,  and  a  sp.  gr.  of  5.75.  It  also  exists  as 
an  amorphous,  lustreless,  black  tiiass,  eaMly  pulverized,  and 
having  a  sp.  gr.  of  4.71.  When  heated  out  of  contact  with  air, 
under  ordinary  pressures,  it  sublimes  at  iSo°  C.  (356**  I'M  with- 
out previous  fusion  ;  but  under  strong  pressure  it  fuses.  Its  vapor 
has  a  yellow  color  and  a  density  of  150  ;  its  molecular  weight  is, 
therefore,  300,  and  its  molecular  formula  A.s^.  At  a  white  heal 
its  density  is  75,  and  molecular  formula  ASj.  In  dry  air  it  is  jier- 
manent ;  but  when  heated,  it  burns  wiih  a  bluish  flame,  etnitting 
the  odor  of  garlic,  and  white  fumes  o I  arsenious  oxide  (As,0,). 
It  combines  directly  with  many  of  the  elements,  both  meiallic 
and  non-metallic,  as  chlorine,  bromine,  iodine,  copiier.  iron, 
etc.,  yielding  arsenides.  The  metallic  arsenides  resemble  alloys. 
It  combines  readily  with  nascent  hydrogen,  which  takes  it  from 
any  of  itscom]X)unds.  Nunc  and  sulphuric  acids  are  decomposed 
by  it,  without  forming  salts.  It  is  oxidized  by  boiling  solutions 
of  caustic  iKJtash,  forming  |>oiassium  arsenite  and  arsenide. 
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in   pyrotechny,    in 
name   of  cobaltj, 


the   manufacture  of  fly 
in   shot   und    in  certain 


Arsenic  is  used 
jxiison  (under  the 
pigments. 

Arsenic  and  Hydrogen. — One  arsenide  of  hydrogen  is 
known.  AsHj. 

Hydrogen  Arsenide,  Arscniuretted  Hydrogen,  or 
Arsin»  AsH,,  is  of  great  practical  inlcrciii  to  the  toxicologist, 
as  it  enters  into  some  of  th^'  moit  delicate  tests  for  the*detection 
of  the  element.  It  may  be  i>repared  by  a  number  of  reactions, 
the  most  common  of  which  are  the  following: — 

isi.  By  decomposing  the  metallic  arsenides  with  hydrochloric 
acid. 

2d.  By  the  action  of  nascent  hydrogen  upon  arsenical  cooi- 
ponnds.  This  maybe  generated  in  the  hot  solution  by  the  action 
of  caustic  jxjtash,  or  by  dilute  sulphuric  acid  upon  metallic  zinc. 

3d.  IJy  the  reducing  action  of  moist  organic  matter  upon 
compounds  of  arsenic- 
It  is  a  colorleis  gas,  with  a  strong  garlic  odor,  combustible  in 
air,  burning  with  a  bluish  white  flame,  and  emitting  white  fumes 
of  ASjOg ;  a  cold  surface  pressed  down  tijwjn  this  flime  receives  a 
black  slain  of  arsenic.  When  passed  thrrmgh  a  tube  heated  to  a 
dull-red  heat,  it  is  decomposed  into  hydrogen  and  arsenic,  which 
last  dejxisits  in  the  cooler  part  of  the  tube  as  a  metallic  mirror. 
(See  Marsh's  Test,  p.  191.) 

The  gas  is  readily  decomposed  by  oxidizing  agents,  and  the 
alkaline  hydroxides.      It  is  exceedingly  poisonous. 

Arsenic  and  the  Halogen  Elements. — Arsenic  forms  one 
compound  with  each  of  this  gruujj  of  elements,  with  the  general 
formula  As  K,,  in  which  R  stands  lor  a  halogen  atom. 

The  tri-fluoride  and  the  trichloride  are  litjuids,  the  first  boil- 
ing at  63°  C.  (145  4°  F)  and  the  second  at  134°  C.  (273^  F.). 
They  are  formed  when  a  fluoride  or  chluride  is  healed  with 
arsenic  irioxide  and  sulphuric  acid. 

The  tri-iodide  and  iri-bromide  of  arsenic  are  obtained  by 
direct  union  of  the  elements  They  are  l>oth  solids.  The  tri- 
iodide  is  official,  as  Arseni  lodidum,  .'Vsl^.  It  occurs  as  glossy, 
[Orange-red,  crystalline  mas.ses  or  scales.  It  has  an  iodine-like 
odor,  and  gradually  loses  iodine  u]K>n  e.vposure  to  light  and  air. 
It  is  soluble  in  about  7  parts  of  water,  and  in  30  parts  of  alcohol. 
The  aqueous  solution  gradually  decom|M)ses  into  arsenous  and 
hydriodic  acids.  It  is  used  in  the  preparation  of  Liquor 
Arseni  et  Hydrargyri  lodidi  (Donovan's  Solution)  U.  S.  P. 
This  solution  contains  one  per  cent,  each  of  Asl,  and  Hgl,. 
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Arsenic  and  Sulphur.— There  are  at  least  three  well- 
:nowa   compounds   of  arsenic   and   sulphur,    As^S,.    As,S^  and 

Arsenous  sulphide  (As^S,)  occurs  native  as  orpiment, 
in  the  form  of  gold-yellow,  crvstalline  masses  It  may  bo  pre- 
paied  artificiiUy  by  pret:ipiiating  arnenous  acid  or  its  salts  with 
hydric  sulphide,  or  by  heitingtOii;cth'^r  sulphur  and  arsenous  oxide 
(As^O,).  It  is  lemon-yellow  in  color,  soluble  in  the  alkaline 
hydroxides,  and  in  yellow  ammonium  sulphide,  but  insoluble  in 
water  and  dilute  acids. 

Arsenic  Pentasulphide  (As^S^)  is  also  a  bright  yellow 
powder,  but  is  of  no  special  interest. 

Arsenic  Disulphide  (As,Sj).  occurs  native,  as  realgar,  in 
(he  form  of  orange-red  crystalline  masses  of  sp.  gr.  3.5.  Realgar 
ajul  or|>iincnt  are  used  as  pii,'uienLs. 

Oxides  and  acids  of  Arsenic. — Arsenic  forms  two  oxides 
with  corresponding  acids:  — 


Arsenous  Oxide,  or  Anhydride. 
Arsenic  Oxide,  or  Anhydride. 


IIjAsOji 
Arsenous  Acid. 

Arsenic  Acid. 


Arsenous  Oxide  (As^O,)  is  the  most  important  of  the  com- 
pounds of  arsenic.  It  occurs  in  nature  as  arsenic  *'  bloom."  It 
is  obtained  artificially  as  a  side  product  in  roasting  ores  of  other 
metals  containing  arsenic,  when  it  volatilizes  and  is  condensed  in 
large  chambers  as  a  white  powder.  It  is  (lurified  by  resublima- 
tion,  in  iron  retorts,  and  is  obtained  in  the  form  of  a  white  pow- 
der or  glassy-looking  solid,  of  a  sp.  gr.  of  3.69. 

Properties. — As  ordinarily  met  with,  '*  white  arsenic  "  is  a 
while,  som .-what  gritty  [lowder,  which  under  the  microscope  is 
seen  to  be  made  up  of  more  or  less  regular  octahedral  crystals 
When  the  vap.or  is  rapidly  cooled,  the  crystils  take  the  form  of 
rhombic  prisms,  and  it  is,  therefore,  dimorphous.  When  heated, 
it  sublimes  without  fusing,  at  about  2iS^  C.  (424°  I-".).  When 
heated  in  sealed  tubes,  it  melts  into  a  vitrrons  mass.  The  density 
of  the  vapor  is  198,  corresponding  to  the  formula  As^O.,  which  is 
proUibly  the  formula  of  the  vitreous  varieiy,  while  that  of  the 
octahedral  variety  is  .A-s^Ot  It  is  soluble  with  difficulty  in 
water,  forming  a  sweetish,  uielallic.  and  nauseous-tasting,  poison- 
ous solution  of  arsenous  arid  (q.  v.j.  It  is  also  soluble,  with 
decomposition,  in  hydrochloric  acid  and  alkidine  solutions,  the 
arsenic  atoms  playing  the  basic  rdle  in  the  former,  and  the  acid 


r6le  in  the  latter.  Nascent  hydrogen  reduces  the  oxide,  and 
converts  it  into  arsin  (AsH,),  while  oxidizing  agents  convert  it 
into  ar»enic  acitl. 

Arsenous  Acid  (H,AsOj\  is  formed  by  dissolving  As,0,  in 
water.  A  solution  of  the  arid  in  diliitt  hydrochloric  acid  is 
official  under  the  name  of  Liquor  Acidi  Arsenosi,  contain- 
ing 1  jter  cent,  of  As.,(>j.  It  fornvs  a  series  of  salts  called  arsen- 
ites.  Potassium  arsenite  is  ut)icial,  us  Fowler's  solution, 
or  Liq.  Potass.  Arsenitis. 

Scheele's  green  is  an  arsenite  of  copp>er,  used  as  a  pigment. 
Paris  green  is  a  mixture  of  acetate  and  arsenite  of  cop[)er. 

Arsenic  Oxide  f  As,0^),  is  a  white,  aniorj>hous,  deliquescent 
solid,  dissolving  in  water  to  produce  arsenic  acid. 

AsjOj  -I-  3Hj,0  =  aHjAsO,. 

Arsenic  acid  is  usually  prepared  by  warming  arsenous  acid  with 
nitric  acid,  when  the  As^Oj  is  oxidized  at  the  expense  of  the  nitric 
acid.  On  eva|X)rating,  the  solution  yields  needle-sha|>ed  crystals 
of  HjAsOj.  The  atjueous  solution  is  strongly  acid.  On  heating 
the  crystals  of  arsenic  acid,  both  ihe  pyro-arsenic  and  nieta- 
arsenic  acids  are  produced,  corresponding  to  the  similar  acids  of 
phosphorus.  But  one  salt  of  this  acid  is  official,  Sodium  Arsen- 
ate, NaJIAsO,  7H_,0  ;  also  a  one  percent,  solution  of  this  salt, 
as  Liquor  Sodii  Arsenatis. 

Arsenic  Poisoning  —  Toxicology. —  From  the  earliest 
history  of  arsenic,  it  has  been  used  as  a  poison  for  criminal 
purposes. 

While  every  physician  should  not  undertake  the  analysis  in 
cases  of  sus))ected  ]>oisoning  by  this  agent,  a  knowledge  of  the 
outlines  of  the  chemist's  methods  of  analysis,  etc.,  will  teach 
the  phj'sician  to  prepare  the  way  for  him.  Moreover,  a  (cw 
preliminary  tests  by  the  physi<:ian  may  frequently  save  much 
unnecessary  litigation  and  expense  in  stispected  cases.  Other 
reasons  might  be  given  why  every  physician  should  have  some 
knowledge  of  toxicological  science,  that  care  may  be  taken  to 
punish  the  guilty  and  protect  the  innocent.  The  attending 
physician  is  oftL-n  res|>onsible  for  the  connection  of  the  links  of 
evidence.  All  compoundsof  ar^ni<;  are  poisonous,  and  the|x>ison 
usually  enters  the  system  by  the  mouth,  although  it  has  licen 
absorbed  by  the  skin,  mucous  menibranes,  or  abraded  surfaces, 
in  sufficient  quantities  to  produce  poisonous  results,  esiKcially 
chronic  poisoning. 

Colored  wall  j^aper,  colored  toys,  confectionery,  and  certain 
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anilin  dyes  nsed  in  fabrics,  may  give  rise  to  accidental  poison- 
ing. 

The  Physician's  duty  in  cases  of  poisoning  may  be 
briefly  statetl  us  follows:  In  case  foul  ]ilay  is  susjiected,  do  not 
fail  to  make  careful  notes,  at  the  time,  as  to  dates,  symptoms  and 
circumstances,  or  facts  leading  to  sitspicion. 

The  physician  should  collect  and  preserve  the  urine,  fxces, 
vomit,  and  the  suspected  vehicle  of  the  poison,  and  place  them 
under  seal,  or  lock  and  key.  He  should  test  some  one  or  all  of 
these,  to  satisfy  himself  as  to  the  truth  or  falsity  of  his  suspicion. 
As  little  publicity  as  possible  should  he  given  (o  matters  of  fact 
or  of  opinion  at  the  time.  Be  not  too  ready  to  express  your 
opinion  upon  the  origin  of  the  poison,  in  cases  of  this  kind, 
Irst  you  jeopardize  the  reputation  of  your  i:)atient  or  others. 
Whether  a  fatal  termination  is  exp.'cted  or  not,  it  is  wise  to  take 
these  precautions 

In  case  of  fatal  termination,  notify  the  prosecuting  officer,  or 
coroner,  of  your  suspicion,  and  immediately  request  an  autoiwy  ; 
but  remember  that  you  are  not  released  from  your  rcsptinsibillty  in 
the  case  by  so  doing,  nor  are  you  at  liberty  to  tell  all  you  know, 
until  you  are  summoned  to  do  so  on  the  witness-stand. 

Before  you  attend  the  autopsy,  read  carefully,  and  refresh  your 
memory  upon  the  directions  for  making  post-mortem  examina- 
tions, and  on  the  post-mortem  api^earances  in  cases  of  ix>isoning, 
whether  you  are  to  make  the  examination  yourself  or  not.  If 
possible,  see  that  the  chemist  who  is  to  make  the  analysis  is  fires- 
ent  at  the  autopsy.  (See  Woodman  and  Tidy,  "  Forensic  Medi- 
cine.'*) The  entire  intestinal  canal,  at  least  one-half  of  ihe 
liver,  the  spleen  one  kidney,  the  brain,  and  any  urine  remaining 
in  the  bladder,  should  be  saved  ;  the  brain  and  the  entire  intes- 
tinal canal,  ligatured  at  both  ends  of  the  stomach  and  left  un- 
0))encd,  are  to  be  preserved  in  separate  jars,  while  the  othtr 
orgiuis  may  be  placed  in  a  se|>arate  jar.  These  jars  must  be  new 
aiKi  clean,  and  closed  with  new  corks  or  glass — not  with  metal 
cajis.  They  are  then  to  l>e  closed  with  a  seal,  with  some  peculiar 
stamp  upon  it,  so  that  they  cannot  be  opened  without  detection. 
They  must  not  be  intrusted  to  a  servant  or  any  irrcs|x>nsible  per- 
son, but  turned  over  as  soon  as  possible  to  the  chemist,  to  the 
prosecuting  officer,  or  coroner.  Notes  to  he  admitted  on  the  wit- 
ness-stand, must  l>e  the  original ;  not  a  copy  of  those  taken  at  the 
time  to  which  they  refer. 

Symptoms  of  Arsenical  Poisoning.— The  symptoms  are 
those   of  an  intense   irritant.     There  is   usually    marked  ''fire- 
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bnrninfi "  pain  in  the  epigastrium,  increased  by  pressure.  Violent 
vomiting,  tenesmus,  burning  pains  at  the  anus,  and  painlul 
cramps  in  the  legs  are  usually  prtsent.  Intense  thirst,  dry,  hot 
skin,  severe  headache,  small,  rapid  puUe.  anxious,  pinched  coun- 
tenance, the  eyes  suffused  and  smarting,  tongue  dry  and  furred, 
photophobia,  great  restlessness,  nervous  tv\itchings,  with  a  per- 
fectly clear  mind,  are  symptoms  usually  to  be  cxijccted.  The 
urine  is  diminished,  with  frequent  and  painful  micturition. 
These  symptoms  may  tjnd  in  convulsions,  tetanus,  collapse,  or 
coma  and  death.  Minimum  fatal  dose,  from  1.5  to  2  5  grains. 
Chronic  arsenical  poisoning  is  usually  attended  by  conjunctival 
inflammation,  irritation  of  the  skin  with  a  vesicular,  or  nettle-rash 
eruption,  similar  to  that  of  scarlet  fever.  Irritation  of  the  stomach 
and  bowels,  exfoliation  of  the  cuticle  of  the  skin  and  tongue, 
and  falling  of  the  hair,  have  been  noticed,  l^cal  jiaralyses, 
preceded  by  numbness,  or  tingling  of  the  toes  and  fingers,  and 
marked  nervous  disorders,  are  of  common  occurrence. 

Treatment. — Rentove  any  nnabsorbed  poison  from  the 
stomach  by  emetics  or  with  the  stomach  pump,  or  better,  by 
thorough  irrigation  with  the  stomach  tube. 

The  best  antidote  is  freshly  precipitated  ferric  or  magnesimn 
hydroxide,  or  a  solution  of  dialyzed  iron.  The  solution  of 
dialyzed  iron,  now  found  in  the  shops,  may  be  used  instead  of 
the  above,  and  may  be  given  in  leasj)oonful  doses  at  short  inter- 
vals. 'I'his  forms  an  insoluble  compound  with  the  arsenous  acid, 
and  thus  prevents  further  absorption. 

There  are  two  official  antidotes,  i.  Freshly  preparecl  ferric  hydroxiile.  This 
is  made  by  adding  ammonia  water  to  a  solution  of  ferric  sul[>hate,  thoroughly 
wflshing  the  precipitate  with  water,  to  remove  the  ammonia,  which  i*  a  stronir 
caustic,  and  suspending  the  prccij/itate  in  water. 

2.  Feiri  Oxidum  Hydratum  cum  Magnesia.  It  i&  directed  that  a  <iolu- 
tion  of  ferric  sulphate  and  a  mixture  of  magnesia  and  water  be  kept  on  band, 
and  when  wanted,  the  two  poured  together  and  shaken  up.  Ferric  hydroxide 
and  magnesium  sulphate  arc  formed.  This  mixture  has  the  advantage  of  being 
free  from  ammonia,  while  the  presence  of  magnesium  sulphate  is  mn  additional 
advantage. 

The  symptoms  caused  by  the  absorbed  poison  are  to  be  treated 
as  they  arise. 

Toxicology. — -There  have  been  devised  a  large  number  of 
tests  for  ihe  detection  and  identification  of  arsenic.  Some  of 
these  are  easy  of  application,  while  others  will  l>e  used  only  by 
the  chemist.  We  can  only  give  the  outline  of  these  tests,  and 
leave  the  student  to  consult  special  works  for  details.  The 
analysis  after  death,  in  cases  of  suspected  |>oisoning,  should  not 
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be  undertaken  hy  the  physician,  nor  even  by  a  chemist,  unless  he 
hasa  well-e<iuipped  lahoiatory,  m  whith  he  can  conduct  the  analy- 
sis froni  beginning  to  end,  alone,  and  wiihoni  interruption. 
During  the  life  of  the  patient,  the  physician  should  be  able  to 
test  the  urine,  faeces,  suspected  articles  of  diet,  medicines,  etc., 
for  the  prcsi-ncc  or  aljsencc  of  arsenic.  For  this  purpose  he  may 
ujc  Reinsch's  or  Marsh's  test,  but  it  must  be  understood  that 
neither  of  these  tests  alone,  when  [ierformed  as  about  lo  bo  de- 
scribed, is  lo  be  relied  upon  as  positively  certain. 

Reinsch's  test  may  he  conducted  as  follows : — 

To  a  portion  ot  the  urine  or  other  suspected  liquid,  add  about 
one-sixth  its  volume  of  pure  liydrocliloric  acid  and  some  slrijis 
of  f)ure  cojiper  foil,  and  boil  the  solution.  IF  arsenic  be  present, 
a  steel-gray  or  liluish  deposit  will  be  formed  on  the  surface  of  the 
cop|)er.  This  deposit  is  not  positive  [jroof,  however,  as  anti- 
mony, bismuth  and  mercury  may  give  similar  deposits  ;  it  is, 
therefore,  neiessary  to  apply  tests  to  this  deposit,  in  order  to  de- 
termine its  identity.  For  this  purpose  the  copjicr  is  removed, 
washed  in  water,  dried  between  folds  of  filter  paper,  and 
placed  in  a  clean,  dry,  wide  test  tube,  and  heated  to  a  dull 
red  heat,  taking  care  to  heat  only  that  |K>nion  of  the  tube  con- 
taining the  copper.  The  lube  may  then  be  broken  and  ihe  inner 
side  of  the  fragments  examined  with  a  microscope,  tor  octaheJral 
crystals  of  arsenous  oxide.  T^te  copper  and  the  acid  used  must 
be  shown  to  give  no  stain  on  prolonged  boiling  with  distilled 
water.     This  blank  experiment  must  always  be  performcti. 

Marsh's  Test  may  be  conducted  as  follows:— Although  the 
indications  afforded  by  it  are  not  conclusive  in  the  presence  of 
organic  matters,  it  should  always  be  used  to  confirm  Reinsch's  test. 
Into  a  flask  holding  about  150  c.  c.  (f$v),  introduce  some  pieces 
of  zinc  free  from  arsenic  and  antimony  ;  then  ]>our  over  these 
some  water  acidulated  with  sulphuric  acid ;  close  the  flask  with 
a  cork  containing  a  funnel  tube,  and  a  delivery  tube  drawn  to  a 
fine  point.  It  is  best  to  introduce  a  bulb-tube,  containing  a 
pledget  of  cotton,  arranged  as  at  (f),  Fig.  56.  After  allowing 
the  generation  of  hydrogen  to  go  on  for  a  considerable  time,  lo 
ex|>el  the  air  from  the  upper  part  of  the  flask,  say  half  an  hour, 
light  the  gas  at  the  open  end  of  the  delivery  iuhc,  and  press  a 
cold  i)orcelain  surface  down  upon  the  flame.  Jf  the  materials 
used  are  free  from  arsenic  and  antimony,  there  will  be  no  black 
stain  jjroduced  on  the  porcelain. 

Having  determined  that  the  ap|Kirutus  and  materials  are  free 
from  arsenic,  put  out    the  flame  and  pour  the  suspected   fluid 
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through  the  funnel  tube,  so  as  to  admit  little  or  no  air  with  it  into 
the  flask.  Now  ignite  the  gas  and  test  the  fliuic  again  with 
the  cold  porcelain  surface.  A  brilliant  black  or  brown  slain, 
soluble  in  a  solution  of  chlorinated  soda,  is  probably  arsenic. 
Moisten  one  of  these  spot>  with  nitric  arid,  when  it  should  dis- 
appear ;  evaporate  the  acid  over  a  lamp,  moisten  the  spot  with 
water,  and  hold  the  dish  over  a  vessel  containing  stilphurettcd 
hydrogen,  prei>ared  by  the  action  of  sulphuric  or  hydrochloric 
acid  upon  sodium  or  potassium  sulphide.  If  the  stain  was  due  to 
arsenic,  the  spot  will  turn  lemon  yellow.  The  antimony  mirror 
is  insoluble  in  chlorinated  soda  (Labarraque's  solution)  and  after 
treatment  as  above  gives  an  orange  stain.  Now  soften  the  glass, 
bend  the  delivery  tube  downward  and  let  it  dip  into  a  solution 

Fio.  56. 
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of  .\gNO3 ;  after  an  hour,  pour  some  very  weak  solution  of  NH^OH 
upon  the  surface  of  the  AgNO^  solution.  Yellow  precipitate  at 
line  of  separation  of  the  two  llcjuids,  shows  the  presence  of  arsenic. 
If  the  substance  to  l)e  tested  Ls  a  solid,  a  small  portion  of  it  may  be 
thrown  ui>on  a  glowing  charcoal,  when  arsenic,  if  present,  will  give 
an  odor  resembling  garlic.  These  tests  will  be  sufficient  to  enable 
the  physician  to  deride  upon  the  presence  of  arsenic,  during  the 
life  of  the  patient,  and  guide  him  in  his  treatment  and  l>ehavior. 
Fleitmann's  Test.— Heat  to  boiling  in  a  test  tube,  a  strong 
solution  of  pota-vsiura  hydroxide,  in  which  some' pieces  of  zinc  or 
alluminuni  have  been  placed.  Add  a  drop  or  two  of  the  siis- 
pected  solution,  spread  a  cap  of  filtering  paper  over  the  mouth 
of  the  tube,  and  moisten  it  with  a  little  nitrate  of  silver  solu- 
tion.    A  brown  or  black  stain  of  mefallic  silver  will  appear  upon 
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the  i>ai)er,  if  arsenic  is  present.  The  arsenous  oxide  is  decom- 
posed, the  nascent  hydrogen  combines  with  the  arsenic  ;ind 
[forms  arsin  AsH,,  which  reacts  willi  the  silver  nitrate,  reducing 
il  to  metallic  silver.  This  test  is  very  valuable,  enabling  the 
analyist  to  distinguish  between  arsenic  and  antimony,  which  lat- 
ter docs  not  give  this  reaciion. 

Suli>hiirctied  hydrogen  H^S,  passed  into  an  acidulated  solution 
contaming  arsenous  acid,  throws  down  a  lemon-yellow  precipi- 
tate, consisting  of  As^S,,  which  dissolves  in  ammonia  water,  and 
is  reprecipitated  by  acids. 

Solid  arsenous  oxide  is  mixed  with  some  powdered  charcoal 
and  dry  [XJtassium  carbonate,  and  i»Iaced  in  the  bottom  of  a  very 
narrow  test  tube,  or,  better,  a  glass  tube,  drawn  out,  and  having 
a  bulb  at  one  end,  (Fig.  57),  and  heated.  The  arsenous  oxide  is 
reduced,  and  metallic  arsenic  is  deposited  in  the  form  of  a  ring 
on  the  cooler  i)art  of  the  tube. 


FiC.  57- 


The  lower  part  of  the  lube  may  now  be  broken  off,  and  the 
arsenic  mirror  heated;  there  being  free  access  of  air,  the  arsenic 
is  oxidized  and  deposited  in  the  upjjer  part  of  the  tube,  in  the 
form  of  octahedral  crystals  of  a nicnous  oxide. 

Ammonio- nitrate  of  silver  gives  a  lemon-yellow  precipitate, 
with  arsenous  acid  solutions,  of  arsenile  of  silver,  Ag,AsOj.  It 
gives  a  brown  precipitate.  Ag,AsO,,  with  arsenic  acid. 

Ammonio-sulphatc  of  copper  gives  a  gra^s-grecn  precipi- 
tate of  arsenite  of  copiK-r.  also  called  Schecle's  green,  CuHAsO,. 
with  solutions  of  arsenous  acid. 

Bettcndorff  *s  Test.— Add  a  freshly  prepared  solution  of 
stannous  chloride  to  any  arsenic  compound,  dissolved  in  strong 
hydrochloric  acid,  place  in  the  mixture  a  small  piece  of  tin  loil, 
and  apply  heat ;  a  brown  color  or  grayish-brown  precipitate  is 
formed,  according  to  the  amount  of  areenic  present. 

Gutzeit's  Test.— l*la<e  in  a  test  tube  about  1  gram  of  pure 
zinc,  and  add  about  5  c.  c.  of  diluted  labout  6  per  cent.)  sul- 
phriric  acid,  then  add  about  i  c.  c.  of  the  solution  to  be  tested, 
which  should  not  tie  alkaline.  Now  fix  a  plug  of  cotton, 
moistened  with  lead  acetate  soluUon,  in  the  lest  tube  not  far 
from  the  top,  and  fasten  over  the  mouth  of  the  tube  a  cap 
made  of  three  thicknesses  of  fdler  piiixr,  and  apply  a  diop  or 
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two  of  strong  solution  of  silver  nitrate  to  the  npi>er  one,  and 
place  ihe  lul)C  in  a  dark  box  and  allow  it  to  remain  for  some 
time.  i(  arsenic  is  present  in  the  solution,  a  bright  yellow  stain 
will  appear  upon  ih^'  filter  pa|>er,  which  upon  ihe  addition  of 
water  becomes  black  or  brown.  Antimony  when  subjected  to 
the  above  test,  ^ives  a  dark  color  at  once,  without  showing  a 
previous  yellow  color.  The  zinc  and  the  sulphuric  acid  should 
be  tested  before  applying  the  above,  to  make  sure  that  they  con- 
rain  no  arsenic. 

The  chemist  who  undertakes  the  analysis,  in  cases  of  supposed 
poisoning,  has  no  easy  task.  He  must  not  confine  his  tests  to 
any  one  poison.  Poisous  are  generally  divided  into  two  groups, 
inorganic  and  organic.  The  limits  of  this  work  will  not  allow 
us  to  describe  the  details  of  procedure  for  the  chemist,  who  will 
consult  s|jecial  works  on  toxicology. 

In  searching  for  mineral  poisons,  the  organic  matters  must  first 
be  destroyed  or  sej:«arated  by  dialysis,     For  the  latter  process,  sec 

page  75- 

For  the  destruction  of  organic  matter,  two  methods  may  be 
used.  The  solid  mUter — the  stomach,  and  other  organs — are  to 
be  cut  in  fine  pieces  and  placed  in  a  new  |X)rcelain  dish,  mixed 
with  hydrochloric  acid,  and  heated  over  a  water  bath.  Small 
quantities  of  pure  potassium  chlorate  are  put  in,  from  time  to 
time,  and  siirred  until  the  organic  matter  is  destroyed.  Or,  sul- 
phuric and  nitric  acids  are  used  to  thoroughly  char  the  organic 
matter,  anti  tlie  whole  diluted  with  water  and  filtered.  The 
metals,  except  le.id  and  barium,  i>ass  into  the  filtrate,  and  can 
be  delected  by  either  uf  the  methods  given  above,  or  by  other 
methods.  These  solutions  may  be  evaporated  to  exj^l  chlorine, 
or  HNOj,  and  treated  with  hydrusulphuric  acid  gas  from  24  to 
48  hours,  when  ropi>er,  lead,  bismuth  and  mercury  give  black 
or  brown  precipitates;  arsenic,  cadmium  and  sometimes  tin  give 
a  yellow,  and  antimony  an  orange  precipitate.  In  searching  for 
arsenic,  the  yellow  precipitate  obtained  is  separated  from  the 
liquid  by  filtration.  A  portion  of  this  is  to  be  preserved  in  a 
sealed  glass  tube.  The  remainder  is  oxidized  with  nitric  acid, 
fused  with  sodium  carbonate  and  nitrate,  and  the  sodium  arsenate 
thus  formed  made  to  yield  silver  and  cop[jer  arsenates;  the 
former  a  reddish-brown,  and  the  latter  a  green  precipitate.  Other 
portions  are  converted  iiUu  the  octahedral  crystals  of  trioxide, 
into  the  metallic  state,  etc.,  the  abject  l>eing  to  present  the 
poison  in  court  in  as  many  different  states  as  possible,  so  as 
to  avoid  the  possibility  of  doubt  in  the  minds  of  the  jury.     If 
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the  yellow  sulphide,  soluble  in  ammonia,  the  black  metal  (so 
called),  the  octahedral  crystals,  the  mirrors  with  the  above- 
mentioned  properties,  the  coated  coiipcr  obtained  by  Reinsch's 
test,  the  black  deposit  from  silver  nitrate,  with  arsenite  in  the 
filtrate,  from  M.irsh's  test,  the  arsenite  and  arsenate  of  silver,  and 
arsenite  of  copper,  etc.,  etc.,  are  obtained,  with  proi)er  precau- 
tions, there  is  no  room  for  doubt  that  the  substance  is  really  arsenic. 
For  further  directions  on  this  subject,  the  student  is  referred  to 
Taylor  on  Poisons,  or  Woodman  and  Tidy  on  Forensic  Medicine 
and  Toxicology,  or  some  other  similar  work. 


► 


Sp.  gr.  6.71. 


ANTIMONY. 

(Stibium.) 

Sh=  119.6, 

Melting  point  450° 


C.  (B4a»  F.). 


Occurrence  and  Preparation.— Antimony  uccnrs  native; 
but  the  principal  source  is  the  trisul[>hide,  SbjS^,  called  stibnite. 
It  occurs  in  a  nuinher  of  other  ores  xs  sulphide,  or  oxide. 

The  element  is  easily  obLiined  by  roasting  the  sulphide,  and 
then  fusing  the  oxide  thus  obtained  with  charcoal. 

Properties. — Antimony  is  a  blui^ih-whice,  brittle,  crystalline 
solid,  t:»omorphouj  with  arsenic,  and  resembling  zinc  in  color 
and  lustre.  It  tarnishes  with  difficulty,  but  takes  fire  at  a  red 
heat.  It  unites  readily  with  chlorine,  forming  two  chlorides, 
SbCL,  and  SbCl^,  both  of  which  are  decomposed  by  an  excess  of 
water.  In  physical  properties  it  resembles  the  metals,  with 
which  it  forms  allovs.  In  chemical  properties,  it  plays  both  the 
positive  and  negative  r61es  with  facility.  It  is  used  as  a  con- 
stituent of  type  metal,  Babbitt's  anti-friction  metal,  Britannia, 
etc.,  to  give  hardncis,  and  to  cause  them  to  expand  in  cooling 
and  completely  fill  the  moulds. 

Hydrogen  Antimonide,  Stibin,  Antimoniuretted  hy- 
drogen C^bHj. — A  colorless,  odorless  gas,  formed  under  the 
same  conditions  as  the  corresponding  compound  of  arsenic  ;  /.  e., 
by  nascent  hydrogen  on  reducible  antimony  co:npounds.  It 
differs  from  that  compound  in  being  much  less  poisonous,  and 
giving  a  diffu'rent  reaction  with  solutions  of  silver  nitratCi  as 
shown  in  the  following  reactions :  — 

6AgNO,  ^  AaH,  +  3H,0  =  6HNO,  -f  H^AsO,  +  jAg, 
lAgNO,  4.  SbH,  ^  3IINO,  +  SbAg,  MccaiUc 

Sllvw  Silver. 

Anitmouide. 


196 


MEDICAL    CHEMISTRY. 


By  carefully  floating  a  solution  of  amnioniunn  hydroxide  over  the 
silver  nilraie  solution,  afier  passing  ihe  gas  through  it  for  some 
lime,  a  yellow  i>rtci|.itate  of  arseniie  of  silver  will  be  fonned  at 
the  line  of  scpiratioa  of  the  two  liq-.iids,  while,  in  the  case  of 
antimony,  no  smh  pre<-i|)itate  will  be  formed.  This  gas  is  formed 
in  Marsh's  apparatus  when  antimony  is  present,  and  it  is  hkely 
to  be  confounded  with  arsenic  unless  very  great  pains  be  taken 
to  avoid  it. 

The  mirrors  obtained  on  the  porcelain,  or  in  the  delivery  tube, 
require  a  higher  temperature  to  volatiJize  them  in  the  case  of 
antimony  3  they  are  difficultly  soluble  in  hy]X)chlorite  solution, 
are  sooty  and  less  brilliant  in  ajjpearance,  there  is  no  garlic  odor, 
and  by  oxidation  they  do  not  form  crystals. 

Chlorides,  Bromides  and  Iodides. — Two  chlorides  and 
two  oxyt  hloridcs  exist. 

Antimony  Chloride— A.  Trichloride,  or  A.  Protochlo- 
ridc— Butter  of  Antimony  (Sl)ClJ  may  be  obtaiiicd  by  dis- 
solving the  trisulphide  in  hydrochloric  acid. 

SbjS,  -f  6HC1  _  aSbCI,  +  jH^S. 

At  low  temj)eratures  it  is  a  crystalline  solid,  and  melts  at  73.2° 
C.  (164**  F.)  to  a  yellow,  oily  liquid.  A  solution  of  sp.  gr.  1.47 
is  sometimes  used  as  an  escharotic.  On  the  addition  of  consider- 
able water,  this  chloride  is  decomposed  into  the  oxychloride, 
(SbOCl),  formerly  called  powder  of  algaroth.  SbCl^  is 
poisonous,  acting  both  locally  and  as  a  true  poison. 

Antimony  Pentacloride  (SbCl^)  is  a  fuming,  colorless 
liquid,  of  little  interest  to  the  medical  student.  The  iodides, 
bromidos,  and  tiuorides  are  similar  to  the  trichloride  in  composi- 
tion and  proi>erties.     The  ioijide  has  been  us^d  in  medicine. 

Sulphides  of  Antimony. —  Two  sulphides  and  several 
oxysulphides  are  known.  Antimony  Trisulphide  —  Sul- 
phuret  of  Antimony  —  Black  Antimony  —  Antimonii 
Sulphidum  (U.  S  V.),  Sb^S^,  occurs  native  as  a  steel-gray, 
crystalline  solid.  Artificially,  it  may  be  pre|>ared  as  an  orange- 
colored  powder,  by  precipitating  a  soluble  antimony  salt  with 
hydrogen  sulphide.  When  the  native  ore  is  roasted  in  the  air  it 
i-i  partially  decomposed,  and  i'uses  into  a  vitreous,  somewhat 
transparent  mass,  known  as  glass  of  antimony,  or  crc\cus. 

Antimonii  Sulphidum  Purificatum  (U.  S.  P.)  is  made 
by  reducing  siil|ihide  of  antimony  tijavery  fine  powder,  and  then 
macerating  with  ammonia  water  for  five  days,  and  finally  wa.shing 
with  water  and  drying.  It  is  a  grayish-black  powder,  Iiaving  no 
lustre,  and  being  without  odor  or  taste. 
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Antimonii  Sulphuratum  (U.  S.  P)  is  a  reddish-brown 
puwdcr  prepared  by  tliasolving  the  native  sulphide  in  a  sohilion 
of  sodium  hydroxide,  and  rt*  i>reci|»itating  the  hoi  sohition  with 
sulphuric  acid.  It  contair.s  a  little  aiuiniorious  oxide  (SbjO,), 
and  is  used  mostly  in  pill  form.  Dose^  gr.  ij  to  xx.  IMummer's 
Pill,  Pil.  antimonii  comp,,  contains  this  sulphide,  with  calomel. 

by  treating  a  hot  solution  of  the  trisulphidc  with  sodimii 
ihiosulphate,  a  fine  red  precipitate  of  oxy^ulphide  is  obtained, 
which  is  used  as  a  pigment,  under  the  name  of  antimony  vcr- 
million.  Kermes'  mineral  is  another  name  for  sulphurated 
antimony. 

Antimonic  Sulphide,  or  Antimony  Pentasulphide^ 
(Sb,S^)  is  best  obtained  by  decom[>osing  suljihantimonaies  with 
a  diluted  acid,  ll  is  an  orange-red  or  brown  powder,  readily 
soluble  in  alkalies  and  alkaline  sulphides,  forming  antimonates 
formula  M/8bO.,  in  whicli  M  stands  for  a  me- 


Sutphantimonates  of  silver,  lead,  and   iron,  occur 
and    Acids    of   Antimony. — Three   oxides   are 


with  the  general 
tallic  atom. 
as  minerals. 
Oxides 

known. 

Antimony  trioxide,  ....  Sb^O,,  Mt-tanlimoDOUS  add  IlSbO^ 
'•  pentoxide,  ,   .    ,  SbjO^. 

••  tetroxide,   .    .    .  SbjU^  or  SbO  SbO,. 

Antimony  Trioxide,  Antimonii  Oxidum  U.  S.  P. — 

(SbjO,)  is  obtained  by  roasting  the  metal  in  air,  or  by  treating  it 
with  HNOjand  evai>orating  the  excess  of  acid.  It  is  a  white, 
amorphous  i>owder  capable  of  being  sublimed.  It  is  insoluble  in 
water,  alcohol,  or  iiitri<  acid. 

Metantimonous  Acid  (HSbO,)  is  obtained  as  a  white 
precipitate  by  adding  a  solution  of  sodium  carbonate  to  absolu- 
tion ofSbCI,. 

aSbCl,  -I-  3Na,CO,  +  H,0  =  3SbO,H  -(-  6Naa  +  3CO,. 

By  boiling,  this  acid  is  (hanged  into  the  trioxide.  It  reacts 
with  both  acids  and  alkalies  to  furm  salts.  Thus,  we  have 
NaSbO,.  SbO  (NOj.  and  Sb  (NO  j,.  We  also  have  antimony 
sulphate  Sb,  SO,)^— and  antimonyl  sulphate  (SbO)j(SOJ 
— the  former  obtained  by  dissolving  the  oxide  in  strong,  and  the 
latter  in  dilute  sulphuiic  acid.  Both  arc  decomposed  by  excess 
of  water, 

Antimonic  Acid  (H,SbO,)  is  obtained,  as  a  white  powder, 
insoluble  in  water  and  nitric  acid,  by  treating  antimony  with 
warm  concentrated  HNO,. 
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Pyro-antimonic  Acid  (H^Sb^Oj) — is  also  Vnown,  and  may 

be  ohuined  by  treating  Ms  salts  with  hydrochloric  acid. 

By  gently  heating  either  of  the  ai>ove  acids,  antimony  |>entox- 
Le  is  obtained  as  a  yellow,  amcft'phou.s  mxss,  and  by  a  stronger 
heat,  with  free  access  of  air,  it  is  converted  into  tetroxide — 
Sb,0,  —which  is  usually  regarded  as  an  antimonaie  of  aatimonyl 
(SbO  SbO,).  It  is  a  while,  non-volatde  powder,  becoming  yel- 
low when  heated 

Potassium  Antimonyl  Tartrate. — Tartar  Emetic — 
Antimonii  et  Potassii  Tartras  (K(St>0;L\H,U„.H^O)  is  one 
of  the  most  commonly  employed  compounds  of  antimony. 

It  is  prepared  by  boiling  3  parlsof  Sb,Og  with  4  parts  of  cream 
of  tartar  (KHC.H/)^)  in  water,  for  an  hour,  filtering,  evaporating 
the  filtrate,  and  allowing  it  to  crystallize  out.  It  occurs  in  small, 
transparent,  rhuiiibic  crystals,  wliich  ellloresce  in  air,  and  have  a 
sweetish,  afterward  disagreeable,  metallic  taste  and  acid  reaction. 
Soluble  ill  17  [Kirts  of  water  at  15^  C,  (59®  F.  )■  and  3  parts  boil- 
ing water  and  insoluble  in  alcohol.  Its  solutions  are  incoiupaiible 
with  alcohol,  hydrochloric  acid,  and  alkaline  carbonates.  Free 
tartaric  acid  prevents  the  precipitation  by  the  above  reagents. 
On  being  heated  to  rednc^ss  it  chars. 

It  is  used  in  m^^dicine,  and  enters  into  the  con^KJsition  of 
Syr.  scillee  compositus,  and  Vinum  antimonii.  'Ihe  dose 
of  tarur  emetic  is  gr.  j-ij  (  065-.  125  grm.),  as  an  emetic  j  as  an 
expectorant,  gr,  -jJy  to  gr.  j-  (.004-.016  grm.J  ;  of  the  wine,  10 
to  30  drops. 

Physiological  Action. — I>ocaliy,  the  soluble  compounds  of 
antimony  act  as  powerful  irritants  Tartar  emetic  causes  a  pus- 
tular eruption  resembling  variola,  which  is  accomi)anied  with 
fever  and  systemic  disturbances.  Cases  of  pwisoniiig  from  anti- 
mony, used  as  a  mordant  in  dyeing  clothing,  have  been  reported. 
Internally,  tartar  emetic  is  employed  as  an  expectorant,  sudorific, 
sedative,  nausemt  and  emetic,  according  to  the  dose  used.  In 
full  doses,  it  causes  vomiting,  purging,  and  griping  pains,  with 
great  depression.  In  excessive  quantity,  it  acts  as  an  irritant 
poison,  and  lias  produced  death  by  syncope,  precedeil  by  con- 
vulsions and  delirium.  One  and  a  half  grains  (.092  grm.)  have 
produced  death,  but  recovery  has  occurred  after  very  large  doses, 
because  of  the  rejection  of  the  poison  by  vomiting. 

The  treatment  should  consist  in  promoting  free  vomiting,  or 
removal  of  the  poison  with  the  stomach  pumjj.  The  ])ropjr 
antidote  is  tannin,  which  forms  an  insohible  com^x^und  with 
antimony;  it  may  be  administered  in  the  form  of  infii^iion  of 
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tea,  oak  bark,  nutgalLsj  etc.     Stimulants  are  then  to  be  admin- 
istered. 

In  suspected  cases,  examine  the  urine  ur  viscera  by  Manih's 
test  (page  191).  Soluble  salts  of  antimony  give  an  orange-colored 
precipitate  with  H.,S,  in  acid  solutions,  which  is  soluble  in  yel- 
low ammonium  sulphide,  and  in  strong  hydrochloric  acid.  In 
Reinsch's  test,  a  bluish  stain  is  obtained,  but  the  sublimate 
obtained  from  it  is  amorphous,  not  crysuUine.     (See  page  196.) 


BISMUTH. 

Bi  =  208.9. 

Occurrence  and  Preparation. — Occurs    native  and  as  a 

sulphide — bisuiuthite.  The  element  is  obtained  by  roasting 
the  sulphide  in  air,  and  reducing  the  resulting  oxide  with  char- 
coal, iron  being  added  to  take  up  the  remaining  sulphur. 

Properties. — Bismuth  is  a  white,  metallic-looking  solid,  with 
a  bronze  tint.  Sp,  gr.  9.9.  It  is  bntile,  and  crystallizes  in 
rhombohedrons;  fuses  at  267°  C.  (512.5°  F.),  volatilizes  at  a 
white  heat,  and  if  heated  in  air  it  burns  to  BijO^.  HNO,  and 
hot  H5SO,  dissolve  it,  but  HCl  does  not.  Water  precipitates 
basic  siUs  from  the  solutions  of  the  neutral  salts  It  alloys  With 
the  metals,  and  is  sometimei  described  as  a  metal. 

Bismuth  Chloride  (BiCl^)  may  be  obtained  by  treating  the 
element  with  chlorine  or  aqua  regia.  It  is  a  soft,  white,  deli- 
quescent, volatile  solid.  Water,  added  to  its  solutions,  precipi- 
tates the  white  oxychloride. 

BiC),  4-  H,0  =  BiOCI  -|-  2HCI. 

This  reaction  resembles  that  of  SbCI^.  BiOCl,  as  well  as  the 
subnitrate,  is  sold  as  pearl  powder,  or  pearl  white,  and  is  used  as 
a  cosmetic.  They  are  blackened  by  H^S.  The  compounds 
BijBr^and  Bil,  are  similar  to  Ui,C),  and  HiCI,.  Bi:,mulh  does  not 
form  a  hydride  (BiH,),  as  does  the  rest  of  the  group. 

Oxygen  Compounds. — Bismuth  oxide  (Bi,0,)  is  a  yellow 
jK>wder,  insoluble  in  water  and  alkahes;  il  may  be  prepared  by 
roasting  bismuth,  or  healing  the  nitrate  or  carijonatc.  When 
chlorine  is  passed  through  a  solution  of  potassium  hydroxide, 
in  which  Bi,0^  is  snsi.ended.  bismuthic  acid  (Bi(),H)  is 
precipitated  as  a  red  powder.  On  gently  heating  this,  the 
pentoxide,  or  bismuthic  oxide  (Bi,()j),  is  formed.  Bismuth 
hydroxide  (Bil)^Hj  is  |>recipi  rated  by  a  solution  of  NH,OH  from 
solutions  of  a  bismuth  salt.     The  metahydroxide  (B;0,H)  is  pre- 
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cipitated  when  caitstic  soda  or  |x>tassa  is  added  to  a  bifimiith  solu- 
tion, or  lo  the  nitrate  susfiendcd  in  water.  This  oxide  is  the  one 
first  prt-cipiuiled  in  testing'  for  sugar  in  Ba^ttger's  test.  The 
oxides  BijO..,  B\J}^  and  Bi^Oj  are  also  known. 

Bismuth  Nitrate  (Bi(NO,),)  is  formed  by  dissolving  bis- 
muth, or  tlie  basic  nitrate,  in  nitric  acid  and  evajjorating, 
when  it  crystallizes  in  large  iransj^arent  tables  (Bi(N0,),.5H,0). 
It  IS  soluble  in  a  little  water,  but  is  decomposed  by  a  large 
amount,  into  a  basic  nitrate  or  snbnitralc.  The  reaction  varies 
with  the  amount  of  water  used. 


U|-N(),  +  2H,0 


I— NU, 
—NO. 


—NO, 

OH  -I-  2HNO„or 

—OH 


Bt 


+  H,n 


Bi 

n:-NO, 
jJl-NO,+  lINOror 


-OH 


NO 
— NoJ-l-  H,0 

—NO, 


Bj-So,+*™o.. 


Bismuthi  Subnitras  (U.  S.  P.,  Br.  P.). — As  will  be  seen, 
the  siibnitrale  of  bismuth  is  not  a  definite  and  fixed  conii>ound, 
but  a  mixture.  It  is  a  white  powder,  insoluble  in  water,  but 
soluble  in  nitric  acid.  As  arsenic  and  bismuth  frequently  occur 
together,  the  latter  is  apt  to  be  contaminated  by  the  former. 
Should  unpleasant  effects  arise  from  its  use,  it  should  be  tested 
with  one  of  the  tests  described  under  arsenic  (y.  v.).  It  is  used 
internally,  and  as  a  dressing  for  wounds. 

A  solution  of  2  pts.  UiONOj,  and  4  pts  ICNaC^H^O,,  in  100 
c.  c.  of  a  strong  solution  of  sodium  hydroxide  is  uaed  as  a  deli- 
cate test  for  diabetic  sugar.  It  becomes  black  on  boiling,  in  the 
presence  of  glucose,  from  reduction  of  the  bismuth. 

Bismuth  Subcarbonatc— Bismuthi  Subcarbonas  (U. 

o 

S.   p.).— Bismuthi    Carbonas  (Br.   P.)—   / 

Bi— OH 
\0H 

white,  odorless  and  tasteless  powder,  insoluble  in  water,  and 
formed  by  the  action  of  alkaline  carbonates  upon  solutions  of 
bismuth.  Heat  changes  it  into  BijOj,  H/>,  and  carbon  dioxide. 
Bismuth  Sulphate  (Bi3(SO,\)  is  formed  by  dissolving  bis- 
muth in  sulphuric  acid.     It  is  of  no  sj>ecial  interest  to  physicians. 
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Bismuth  Citrate  (BiC^iy).)  is  a  white,  amorphous,  odor- 
less and  ta.stcless  |»owder,  insoluble  in  water  or  alcohol,  but  soluble 
in  ammonium  hydroxide.  Prepared  by  boiling  the  subnitrale  in 
a  solution  of  citric  acid,  and  precipitatmg  the  citrate  with  water. 
By  dissolving  the  citrate  in  diluted  ammonia  water,  and  cautiously 
evaporating  to  a  s)Tup,  and  spreading  on  glass,  shining,  pearly 
or  translucent  scales  of  Bismuth  ct  Ammonii  Citras  are 
obtained,  soluble  in  water. 

Bismuth  Subgallate,  Dermatol  (Bi(OH),  C^H/OHXCO,) 
is  a  salTron-yellow  odorless,  tasteless  powder,  ins^jluble  in  water, 
alcohol,  or  ether.  It  is  prej^ared  by  mixing,  with  constant  stirring, 
a  warm  solution  of  i  part  of  gallic  acid  in  50  parts  of  water, 
with  a  solution  of  3  parts  of  bismuth  nitrate  in  50  j)arts  of  water 
and  6  parts  o(  glacial  acetic  acid.  It  is  used  asan  intestinal  anti- 
septic, and  as  a  sul^ititute  for  iodoform  for  external  use.  The 
other  sails  ol  bismuth  used  in  medicine  are  the  benzoate,  salicy- 
late, naphtolate,  oleale,  phenolate,  pyrogallate,  tribrom-phenolate 
and  a  number  of  others. 

Physiological  Action. — The  bismuth  salts  in  medicinal 
doses  are  tonic,  antisi)asmodic»  mildly  astringent  and  anti-fer- 
mentative. They  are  used  to  allay  gastro-intestinal  irritation 
and  diarrhffia.  When  administered  in  considerable  quantities 
they  form  black  stools,  trom  the  presence  of  the  sulphide  formed 
by  the  H^S  of  the  intestines.  In  many  cases  of  excessive  diar- 
rhijea.  with  acid  fermentation  in  the  stomach  and  intestines,  this 
blackening  does  not  occur,  and  its  appearance  marks  an  im- 
provement in  the  case. 

Cases  of  f>oisoning  by  large  doses  of  the  salts  of  bismuth  are 
generally,  if  not  always,  due  to  the  presence  of  arsenic  in  them. 

Tests. — Water  [)recipiiau's  bismuth  from  its  solutions,  in  the 
absence  of  much  free  mineral  acid.  Hydrogen  sulphide  and 
ammonium  sulphide  give  a  black  precipitate,  insoluble  in  water, 
diluted  acids  and  alkaline  .-iulphides.  Potassium,  Sodium 
and  Ammonium  Hydroxides  give  a  white  precipitate,  insol- 
uble in  excess  of  the  reagents.  Infusion  of  nutgalls  gives  an 
orange  precipitate.  Potassium  Iodide  gives  a  brown  precipi- 
tate, soluble  in  excess  of  reagent.  A  piece  of  pai)er  dipped  in  a 
solution  of  potassium  sulphocyanate  and  drietl,  tonus  a  yellow 
spot  when  a  drop  of  a  solution  containing  bismuth  is  dropped  onit« 
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GROUP  IV. 

Carbon,  C  =    xa. 

Silicon.  Si  =    28. 

Gennaniuixi,  Ge  "=    73. 

Tin  (Stannum),  Sn  =  118. 

Lead  (Plumbum),  Pb  *=  307. 

CARBON. 


C  =  la. 

Occurrence. — Carbon  occurs  native  in  the  diamond,  graphil 
(black  lead),  and  the  various  forms  of  coal.  In  combination  it 
occurs  in  all  the  organic  bodies,  petroleum,  fats,  oils,  and  in 
native  carbonates  as  marble,  dolomite,  etc. 

Varieties. -™CarV)on  exists  in  three  allotropic  states,  the 
diamond,  the  graphite,  and  amorphous  carbon.  The  diamond 
occurs  in  alluvial  deposits  in  liraztl.  India,  Homeo,  South  Africa, 
and  in  small  quantities  in  other  localities.  The  so-called  Cali- 
fornia diamonds  and  Brazilian  pebbles  are  crystals  of  quartz 
(SiOj),  The  diamond  is  pure  crystallized  carlion,  possessing  a 
brilliant  lustre  and  a  high  [xjwer  of  refraction,  and  is  .the  hardest 
substance  known.  It  crystallizes  in  rhombohedra  of  the  first 
system,  but  cleaves  readily  into  octahedra.  It  occurs  co  orless, 
as  well  as  colored  through  all  shades  of  yellow,  brown  and  black. 
The  sp.  gr.  is  3.5.  Heated  in  the  oxyliydrogen  l>lowpii>e  flame, 
or  in  oxygen  gas,  it  burns  to  carbon  dioxide,  and  is  slightly 
softened  by  the  heat  of  the  electric  arc. 

Graphite,  or  Plumbago,  occurs  as  a  native  mineral,  having 
a  grayihh-black  color,  a  lustre  almost  metallic,  and  a  soapy  feel. 
It  leaves  a  black  streak  ujx)n  a  white  surface,  on  account  of 
which  it  is  used  to  make  lead  pencils,  and  is  called  black  lead. 
It  sometimes  occurs  in  short,  six-sided  prisms.  It  burns  in  an 
atmosphere  of  oxygen,  with  more  difficulty  than  the  diamond, 
furnishing  carbon  dioxide,  and  leaving  from  2  to  5  per  cent,  of 
ash.  Some  of  the  purer  varieties  can  be  made  directly  into  pen- 
cils, but  this  is  not  common.  The  poorer  varieties  are  giound  to 
a  powder,  heated  with  potassium  chlorate  (KClt)^)  and  sulphuric 
acid  (H,SO,),  or  with  strong  nitric  acid,  washed  with  water, 
heated  to  red  heat,  and  then  mixed  with  some  adhesive  material 
and  pressed  into  cakes.  These  cakes  arc  then  sawed  into  suitable 
strips  and  mounted. 
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Grapliite  conducts  heat  and  electricity  well.  It  is  also  used  in 
the  manufactnte  of  crticihles,  as  a  hihrirant  for  very  heavy 
machinery,  and  as  a  stove  pohsh.  It  may  he  utnained  arlificially 
by  fusing  amorphous  larbun  wiih  cast-iron.  On  cooling  the  mix- 
ture and  dissolving  the  iron  with  a  dihited  acid  [  HC'l),  graphite 
is  left  in  the  form  of  minute  hexagonal  plates.  Amorphous 
carbon  is  found  native  in  the  form  of  many  varieties  of  coal. 
Artificially,  it  is  prei^red  by  the  i>artial  burning,  or  carbonizing, 
of  organic  matter,  such  as  wood,  pitch,  blood,  etc. 

Soot,  or  Lampblack,  one  of  the  jmrest  forms  of  amorphous 
carbon,  is  prepared  by  the  imperfect  combustion  of  turpentine, 
pilch,  or  heavy  oils  rich  in  rarbon.  It  is  used  principally  as  a 
pigment.  Animal  charcoal  or  bone  black  is  obtained  by 
the  carbonization  of  animal  matier  from  slaughter-houses  (blood, 
bones,  etc.  ),  and  jws^csses,  in  a  remarkable  degree,  the  power  of 
removing  the  coloring  matier  from  organic  solutions  filtered 
through  it.  It  is  used  in  refining  sugar  to  remove  the  color 
from  the  solution  of  raw  sugar.  Charcoal,  Carbo  ligni  U.  S. 
P.,  is  rarlionized  wood,  retaining,  usually,  the  form  and  grain  of 
the  wood  and  the  ash  contained  in  ihe  same.  In  preparing  it, 
the  wood,  cut  into  suitable  lengths,  is  piled  up  on  end  into  a  con- 
ical heap,  a  trough  made  of  boards  l>eing  laid  from  the  circum- 
ference on  one  side  to  the  center,  to  supply  air  in  burning.  *l'he 
whole  heap  (excei)t  a  hole  at  the  centre  on  the  top)  is  then 
covered,  first  with  straw  or  leaves,  and  finally  with  dirt  about  six 
or  eight  inches  in  thickness.  'Ihe  fire  is  lighted  and  is  allowed  to 
burn  slowly,  until  the  flame  almost  ceases  to  come  froii»  the  hole  at 
the  top,  or  tmtil  the  gaseous  products  have  all  burned  off.  'I'his 
o]>ening  at  the  top,  as  well  as  the  dranght  hole,  is  now  covered 
over  and  the  fire  allowed  to  smoulder  for  a  time,  when  the  heap 
is  torn  down,  and  the  remaining  fire  extinguished  wiih  water. 

t.'harcoal  is  usetl  as  a  fuel,  in  the  manufacture  of  gunj)o\vdcr.  and 
sometimes  in  the  construction  of  fdters,  as  it  posses.ses,  although 
in  a  feebler  degree  than  animal  charcoal,  the  power  of  destroying 
noxious  odors,  and  filtering  coloring  matters  from  organic  solu- 
tions. One  volume  of  it  absorbs  90  vohmies  of  NH,,  55  volumes 
of  HjS,  and  9  volumes  of  oxygen,  at  100°  C.  (212°  F.).  It  is 
very  |x>rons,  and  burns  with  little  flame.  Coke  is  tfie  porous 
mass  left  in  the  retorts  from  the  destructive  distillation  of  mineral 
coal  in  the  production  of  illuminating  gas.  Gas  retort  carbon 
is  a  compact,  hard  mass  found  adhering  to  the  inside  of  the 
retorts  in  the  above  i)rocess  of  manufacturing  coal  gas.  It  has  a 
metallic  lustre,  at  times,  and   is  a  good  conductor  of  electricity. 
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For  this  reason  and  because  of  its  durability  it  is  used  for  the 
negative  plate  in  the  constmction  of  many  forms  of  the  galvanic 
cell,  and  for  the  poles  in  the  arc  electric  li^ht 

Mineral  coals,  as  anthracite,  bituminons,  bron*n  and  cannel 
coals  lignite^  peal  or  turf,  etc.,  are  the  results  of  a  slow  decay 
of  vegetable  matter,  under  certain  conditions.  The  pro(>er  con- 
ditions for  the  formation  of  coal  seem  to  be,  enough  water  to 
cover  the  fallen  timber  or  vegetation,  a  covering  of  clay  or  mud 
to  exclude  the  air,  and  the  aiJplicalion  of  prcNSure  to  the  mass. 
The  liquid  and  volatile  portions  are  gradually  lost,  leaving  the 
carbon  behind.  The  final  product  of  this  change,  assisted  by 
subterranean  heat,  is  anthracite  roal,  which  o'^ten  contains  96 
to  98  per  cent,  of  carbon,  and  almost  no  volatile  products. 
Petroleum  oil  is  believed  to  be  the  expelled  li'iuid  portions  of  the 
wood,  separated  from  the  anthracite  coal  by  heat  and  pressure. 
Bituminous  coal  is  a  softer,  less  compact,  less  decayed  variety. 
It  often  contains  the  struciure  of  ihe  wood.  It  burns  with  a 
smoky  flame,  while  the  anthracite  furnishes  very  little  or  no 
flame.  Brown  coal,  lignite  and  wood  coal  are  names  of 
less  perfect  varieties  than  those  K^fore  mentioned.  Peat,  or 
turf,  is  a  mixture  of  mud  with  partially  decayed  plants  and  roots, 
and  is  obtained  from  certain  marshy  districts.  It  is  used  as  fuel. 
Cannel-coal  is  a  comimct.  even-textured  coal,  without  lustre. 
It  takes  fire  readily,  burning  with  a  clear  yellow  flame.  It  has 
been  u*^ed  fur  candles — hent-e  the  name". 

Properties.  —  Carbon  is  insoli;ble  in  all  ordinary  menstrua, 
btil  soluble  to  a  slight  extent  in  molten  cai^l  iron,  forming  a  car- 
bide. It  is  fused  and  vohuilized  only  in  the  electric  arc.  At 
ordinary  temperatures  tt  is  permanent  in  air.  At  high  tempera- 
tures it  has  a  strong  affinity  for  oxygen,  and  on  this  account  it  is 
used  as  a  reducing  agent  in  smelling  the  ores,  from  which  it 
removes  the  oxygen.  Indirectly,  it  enters  into  combination  with 
a  great  many  of  the  elements.  Organic  bodies  are  formed  of 
carbon  in  combination  with  hydrogen,  nitrogen,  and  oxygen. 
Most  combustible  bodies  ( oninin  cnrbon. 

Official  Preparations.— Animal  Charcoal,  Carbo  Ani- 
malis,  U.S.  P.,  is  charcoal  prepared  from  bones  by  partially 
burning  them,  and  distilling  off  the  volatile  products  and  char- 
ring the  remaining  organic  matter.  It  occurs  in  granular  frag- 
ments, or  in  |>owder  of  a  dull  black  color,  which,  when  ignited, 
leaves  about  85  per  cent,  of  a.sh.  This  ash  should  be  almost 
entirely  soluble  in  hot  HCl. 

When  animal  charcoal  is  boiled  for  a  few  minutes  with  a  solu- 
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tion  of  potassium  hydroxide,  the  fiUered  solution  should  be  color- 
less, or  nearly  so. 

Carbo  Animalis  Purificatus,  U.  S.  P. — This  is  prepared 
by  he.iting  the  alKnc  with  diluted  HCl  to  dissolve  out  the  calcium 
phosphate.  The  quantity  of  ash  after  ignition  should  not  be 
more  than  4  )>er  cent. 

Carbo  Ligni,  U.  S.  ?..  is  prepared  from  soft  wood,  and 
very  finely  powdered.     It  should  be  kept  in  well-closed  vessels^ 


Tub  UAMUFACTtrBK  Of  CoAL  GAS. 

Coal  Gas. — Illuminating  gas,  as  it  is  often  called,  is  made  on 
a  large  scale  by  the  dry  or  destructive  distillation  of  bituminous 
coal  In  principle,  the  manufacture  is  simple  ;  but  in  practice, 
it  requires  considerable  skill  to  prepare  a  good  illuminating  gas. 
During  the  distillation,  which  is  conducted  in  horizontal  scuii- 
cylindrical  fireclay  or  cast-iron  retorts  set  in  brickwork,  a  variety 
of  products  are  produced  besides  the  gas ;  such  as  tar.  heavy  oils, 
lighter  oils,  steam,  ammoina  from  the  nitrogen  of  the  coal,  etc. 
There  ts  left  in  the  retort  a  porous,  friable  mass  called  coke. 
After  the  retorts  have  been  used  for  some  weeks,  there  is  to  be 
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fouud  lining  their  inner  surfaces  a  very  compact  layer  of  carbon* 
iLSiially  known  as  gas  retort  carbon. 

The  coal  is  distilled  at  a  briglit  red  heat,  and  the  volatilized 
products  are  conducted  into  a  1-irge  horuonial  iron  pipe,  half 
filled  with  water,  into  which  the  pipes  from  the  retorts  dip.  (See 
Fig.  58.)  This  is  called  the  hydraulic  main.  A  large  part  of 
the  coal  tar  and  heavy  oils  condense  in  this  main.  The  volatile 
products  arc  then  made  to  traverse  a  series  of  upright  tubes,  in 
the  form  of  an  inverted  U,  called  condensers.  The  lower  end 
of  one  limb  of  each  condenser  dips  under  water,  so  as  to  cool 
the  gas  and  to  wash  out  the  ammonia.  Alter  traversing  a  num- 
ber of  these  condensers,  where  the  remainder  of  the  tajo  steam, 
and  ammonia  are  condensed,  the  gas  passes  to  the  purifiers. 
These  are  com[)osed  of  a  series  of  large  boxes,  in  which  are  sev- 
eral perforated  shelves,  or  trays,  holding  fresh  slaked  lime,  or  a 
mixture  of  sawdust  and  iron  oxide.  The  gas  is  passed  slowly 
through  these  purifiers,  so  as  to  expose  it  to  the  action  of  the 
lime  or  iron  oxide,  to  remove  H,S,  CO,,  and  other  volatile  acids, 
if  present.  In  some  plants  tnerc  is  an  additional  process  of 
washing  the  gas  by  jjassing  it  through  weak  sulphuric  acid  to 
remove  the  small  qtiantity  of  ammonia  still  remaining.  The  tar 
and  ammonia  liqtior  are  sold  as  by-products.  The  latter  fur- 
nishes a  very  considerahle  portion  of  the  ammonium  compounds 
of  the  market.  After  jiassing  through  the  purifiers,  the  gas  is 
conducted  in  underground  pipes  to  the  gasometer,  to  l>e  stored 
until  needed. 

The  gasometer  is  a  very  large,  tub-shaped  vessel,  made  o( 
boiler-iron,  tloated  t'otlom  upward  upon  water.  It  is  balanced  by 
weights  attached  to  chains  passing  over  pulleys  at  the  top  of  iron 
jjillars.  which  are  erected  around  the  gasometer  for  that  purpose. 
As  the  gas  is  forced  into  the  gaiometer,  the  latter  rises  out  of 
the  water,  and  sinks  again  as  the  gas  is  used. 

Various  other  processes  for  the  manufacture  of  gas  have 
been  used  with  varying  success;  such  as  tlie  di.iullation  of  the 
heavy  petroleum  oils,  either  alone,  with  coal,  or  with  the  admix- 
ture of  the  vapors  with  air  or  steam. 

Gasoline,  or  air  gas,  is  air  saturated  with  the  vapors  of  the 
very  \olatdc  oils  from  petroleum. 

Water  Gas  is  very  largely  used  in  all  large  cities,  owing  to 
the  cheapness  of  its  manufacture  Jt  is  made  by  the  action  of 
steam  uixm  coal  heated  to  a  red  or  white  heat.  The  gas  thus 
produced  is,  in  some  works,  mi.\e<i  with  vapor  from  naphtha,  and 
then  again  strongly  heated  in  retorts,  and  finally  purified  as  in 
ordinary  coal  gas. 
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Composition. — The  composition  of  coal  gas  varies  somewhat 
with  the  coinposicion  of  the  coal  used,  and  the  temiieratiire  of 
the  retorts  during  the  distillation. 

The  following  figures  rejjresent  the  composition  of  coal  gas  and 
'water  gas  supplied  to  Brooklyn  in  1883;  — 


Ctni  Gai. 

Water  Gai 

Gu^n  dioxide, 

0.0 

0.3 

Carbon  monoxide, 

7.9 

28. 25 

Hydrogen, 

Illiiininants  (C-H^,  C,H,,  etc.). 

Marsh  gas  (Cllj, 

Niirogen, 

50.2 
4.3 

7.8 

30-3 

I2.«5 
21.45 

6.8s 

100.00 


100.00 


Carlion  forms  with  chlorine  the  following  compoimds:  carbon 
tetrachloride,  CCl,,  carbon  chloride,  C,CI,,  carbon  dichloridc, 
C,C1^.  carbon  trichloride,  C'^Cl^,  and  the  oxychloride,  COCl,. 

It  combines  directly  with  some  of  the  metals  to  form  carbides. 
The  carbide  of  iron  is  a  familiar  example.  The  carlnde  of  cal- 
cium has  recently  been  found  a  valuable  commercial  product. 

Carbon  and  Oxygen — There  are  four  o.\ides  of  carbon 
known,  having  the  formnlai  C^O,,  C/3,,  CO,  and  COj.  The  first 
of  these  compounds  is  a  light  brown  jxjwder,  formed  by  heating 
the  suboxide  *  T/  )|). 

Carbon  Suboxide  is  an  amorphous  extractive  matter  formed 
by  the  action  of  an  electric  current  u[hj[\  carbon  monoxide. 

Carbon  Monoxide  (Cf))  is  a  calorie:^,  tasteless,  almost 
odorless,  combustible,  and  very  poisonous  gas. 

It  is  always  produced  when  carbon  or  bodies  containing  it  are 
burned  with  an  insufficient  supply  of  oxygen  or  air,  or  by  con- 
ducting carbon  dioxide  over  or  through  red-hot  coals.  C0,-|— 
C=jCO.  It  may  be  prepared  by  warming  oxalic  acid  with  sul- 
phuric acid. 

HiCjO^  +  HjSO^  —  H.SO4  (or  H,0.  H^SO.)  -f  CO,  +  CO. 

The  mixed  CO,  and  CO  are  passed  through  a  solution  of 
sodium  hydroxide  to  absorb  the  COj.  and  the  CO  remains.  One 
part  of  potassiutu  ferrocyanide,  warmed  with  nine  |)aris  of  H,SO,, 
may  be  used  to  give  the  gas  in  nearly  a  pure  state.  lis  density 
is  14.  It  is  almost  insoluble  in  water,  but  soluble  in  a  solution 
of  cuprous  chloride  in  ammonium  hydroxide.  It  burns  in  the 
air  with  a  bluish-lavender  flame,  producing  the  higher  oxide— 
CO,.     Owing  to  this  property,  it  plays  an  important  i)arl  in  the 


reduction  of  ores  in  the  blast  furnace.  It  does  not  support  com- 
bustion or  respiration.  It  diffuses  readily  through  red-hot  cast- 
iron,  and  frequently  cs<  aptrs  from  stoves  and  hot-air  furnaces. 

Physiological  Effects.— It  has  the  power  of  combining 
with  the  haemoglobin  of  the  blood,  and  of  expeUing  the  oxygen. 
It  thus  acts  as  a  narcotic  poison,  causing  dizziness,  headache, 
nausea,  inco-ordination  of  movements,  convulsions,  and  death. 
If  the  carbon  monoxide  be  in  snf^cient  quantity  to  saturate  all 
the  haemoglobin,  recovery  is  seldom,  if  ever,  realized.  The 
blood  has  a  light-red  color,  and  doe.'!  not  coagulate  after  death, 
or  decompose  as  readily  as  normal  blood.  When  diluted  and 
examined  with  the  spectrosco|)e,  it  gives  two  absorption  bands 
similar  to  those  in  No.  lo  Front isiiiece,  but  they  are  removed 
somewhat  toward  the  violet  end  of  the  spectrum.  If  the  hiemo- 
globin  is  only  pariiallysaturated,  recovery  may  lake  place,  but  very 
slowly — debility,  anorexia,  etc.,  remaining  for  days.  Air  con- 
taining 0.5  per  cent,  kills  birds  in  three  minutes;  2  per  cent. 
renders  a  guinea  pig  insensible  in  two  minutes.  Artificial  res- 
piration is  of  Htrle  use  Transfusion  of  blood  or  intra- venous 
injection  of  sterilized  salt  solution,  0.7  per  cent.,  is  the  most  prom- 
iiing  treatment.  The  soiu-ces  of  danger  are  open  fires,  defective 
draught  in  chimneys,  escape  of  coal  gas,  and  es]jecially  '*  water 
gas"  from  defective  fittings,  or  from  leaks  under  the  ground. 
When  the  ground  is  frozen  and  the  gas  escapes  into  the  soil  near 
a  cellar,  the  gas  diffuses  through  the  ground  into  the  cellar,  and, 
as  It  is  thus  depri\etl  of  its  odor,  persons  may  be  poisoned  and 
not  know  where  it  comes  from.  Coal-gas  iKjisoning  is  essen- 
tially a  poisoning  by  the  carbon  monoxide  which  it  contains. 
Suffocation  by  coal-gas  is  not  very  different  from  suffocation  by 
other  gases,  and  should  be  distinguished  from  poisoning. 

Carbon  Dioxide — Carbonic  Anhydride  (COJ,  sometimes 
called  carbonic  acid  gas,  is  found  free  in  the  air  in  the  propor- 
tion of  about  4  parts  \)ct  10,000,  and  in  ordinary  well-ventilated 
rooms  from  5  to  6  parts  ptrr  10,000.  It  is  found  in  volcanic 
gases,  and  in  solution  in  many  mineral  springs.  It  sometimes 
accumulates  in  dangerous  quantities  in  mines,  wells,  and  cellars, 
and  is  then  known  as  '*  choke  damp."  It  may  be  detected  in 
Buch  places  by  lowering  a  candle.  It  is  produced  when  carbon 
or  its  comi^ounds  are  burned  with  a  free  supply  of  air,  by  alco- 
holic and  other  lerraentations,  by  the  respiration  of  animals, 
and  by  slow  oxidation  of  organic  matter  in  the  natural  jirocesa 
of  decay-  ^'^  the  laboratory,  it  is  obtained  by  the  action  of  an 
acid  ujion  a  carlxinatc. 

CaCO,  +  aHCl  =  CO,  -f  CaCI,  +  H,0. 
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Carbon  dioxide,  at  ordinary  tcm])eratures  and  pressures,  is  a 
colorless,  transparent,  odorless,  tasteless  (by  some  thought  to  be 
sweetish)  gas.  Sp.  gr.  ^  1.524.  Density  ^  22.  Under  a  prts- 
5\ire  of  36  atmospheres  at  0°  C  (32°  F.),  it  is  condensed  to  a 
colorless,  mobile  liquid,  of  sp.  gr.  0.94.  AlK>ve  32.5°  C,  it  can- 
not be  liquefied  at  any  pressure.  This  is  known  as  the  critical 
point  in  temperature.  When  the  litjuid  is  exposed  to  the  air 
it  rapidly  evaporates,  i)roducing  a  temperature  so  low  as  to  freeze 
a  portion  of  it  to  a  snow-like  solid,  the  temi)erature  being  some- 
times as  low  as  — 130°  C.  (  -202°  F.).  The  gas  exiingtiishes  the 
combustion  of  burning  bodies,  and  animals  die  very  quickly  in 
it.  Dtath  has  resuUed  from  j)ersons  entering  mines,  wells,  and 
fermenting  vats  where  the  gas  has  accumulated.  It  is  unsafe  for 
a  man  to  venture  into  a  well  or  other  place  wiiere  a  candle  will 
not  burn.  CO,  is  soluble  in  iLs  own  vohime  of  water,  at  tne 
ordinary  tenqjerature  and  pressure,  forming  a  solution  of  carbonic 
acid,  HjCO,.  Common  soda  ivater  is  a  solution  of  the  gas 
in  water  under  pressure :  it  contains  no  sodium  salt,  as  its  name 
would  imply. 

Physiological  Effects. — These  vary  with  the  degree  of 
concentration  of  the  gas  and  its  dilution  with  other  gases.  If 
the  gas  be  pure,  it  rauses  death  instantly,  by  apnuea  from  spasm 
of  the  glottis.  When  somewhat  diluted  there  is,  at  first,  great 
loss  of  muscular  power:  the  jterson  becomes  livid,  sinks  down, 
and  dies  without  a  struggle.  When  still  more  diluted  there  is, 
at  first,  irritation  of  the  throat,  then  giddiness,  ringing  in  the 
ears,  loss  of  muscular  power,  with  rapid  pnlseand  resp  ration,  and 
occasionally  vomiting  iand  convulsions,  which  finally  end  in  coma 
and  death. 

The  amount  of  the  gas  that  can  be  tolerated  in  the  air  depends 
not  only  upon  the  quantity  of  it  actually  present,  but  also  u))on 
the  source  of  it.  Thus,  when  the  source  of  the  gas  is  animal 
respiration  or  combustion,  the  oxygen  is  withdrawn  from  the  air 
at  the  same  time,  and  a  much  smaller  quantity  will  prove  fatal 
than  where  the  gas  i»  simply  added  to  the  normal  atmosphere. 

If  the  CO,  is  simply  added  to  the  air,  10  per  cent,  may  be 
regarded  as  poisonous,  and  even  8  per  cent,  will  prove  injurious. 
If,  on  the  other  hand,  the  oxygen  be  increased,  an  air  containing 
even  10  per  cent,  may  be  breathed  by  animals  for  a  short  time 
without  fatal  results.  A  tajjer  will  burn  in  an  air  containing  8 
]H:r  cent,  of  CO,  provided  ihe  oxygen  be  present  in  normal 
quantity,  and  will  burn  feebly  in  such  an  air  containing  10  per 
cent.    Where  the  CO,  is  produced  by  respiratioiij  the  injurious 
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effects  arc  soon  perceived*  and  are  due  to  several  causes,  viz. :  the 
deficiency  of  oxygen,  the  ^vresence  of  too  ^reat  a  quantity  of  CO^ 
and  moisture,  the  rise  in  temperature,  an<.l  the  action  of  the 
organic  matter  exhaled  from  the  lungs  and  skin. 

The  expired  air  comatns  from  4  to  5  per  cent  ,  or  about  .78 
cubic  feet  of  CO^  i»er  hour,  and  there  is  absorbed  .94  cubic  feet 
of  oxygen.  A  stearin  candle  gives  off  .5  cu.  ft.  of  CO^,  and  uses 
up  I  cu  ft,  of  oxygen  A  gas  light  burning  5  feet  of  gas  per  hour 
(12  candle  power)  gives  off  very  nearly  6  cu.  ft.  of  CO,,  or  3. 7  times 
much  as  one  man  ;  as  much  heat  as  two  men  ;  removes  more 
ygen  than  5  men  ;  and  gives  off  nearly  as  much  water  vapor  as 
*5  men.  More  than  6  parts  of  CO^  per  10,000  of  air.  renders  it 
oppressive,  and  should  not  be  allowed.  Assuming  the  amount  of 
CO,  given  off  in  an  hour  by  an  adult  to  be  7  cu.  ft.,  and  normal 
air  to  contain  4  piirts.  it  would  rct|uire  about  3500  cu.  ft.  of  air 
I>er  hour  for  each  adult  occupant  of  a  room,  in  order  that  it  should 
not  receive  more  than  two  purts  per  10,000  of  C(^^.  or  two  cubic 
feet  per  10,000.  Dr.  Parker  fixes  the  amount  necessary  at  2000 
cu,  ft.  per  hour.  It  is  im|jossible  to  change  the  air  of  a  room 
oftener  than  3  or  4  times  per  hour  without  causing  uncomfortable 
draughts  i  and  it  would,  thereiore,  require  700  to  1000  cu.  ft. 
of  room  sp.ice  in  order  to  keep  the  air  of  the  room  in  a  proper 
condition.  If  lights  are  used,  which  also  pollute  the  air,  a  cor- 
responding calculation  must  be  made  for  them,  A  common  oil 
lamp,  or  two  s]>erm  candles  (not  an  argand  lamp),  will  contami- 
nate the  air  about  the  same  as  an  adult  nun.  The  Engli>h  Poor- 
I>aw  Board's  requirements  for  dormitories,  10  prevent  over-crowd- 
ing, arc— 

Cu.  It. 

1200  Lying-in  cases  and  offensive  sick. 

850  Sick. 

700  Inhrm.     Same  room  night  and  dmj, 

500  InBnn.     Separate  room  in  day, 

300  Healthy. 

These  figures  are,  of  course,  loo  small  for  general  use.  Parkes 
quotes  Morin  as  giving  the  following  amount  of  fresh  air  neces- 
sary to  be  furnished  to  each  adult  per  hour  in  the  following  cir- 
cumstances :  — 

Day.  Night, 

1059  CU.  ft.  per  hour,     3118  cu.  fi.  per  hour. 

3118      " 


In  UarracVs,  .    . 

"  Workslwps,  . 
"  Schools.  ,  . 
**  Hospitals, .    . 


1059 
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In  sleeping  apartments,  tlie  amount  of  space  allowed   to  each 
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individual  should  not  be  less  than  tooo  cubic  feet,  i.  f ,  a.  room 
lo  X  lo  y  lo  ft.  Hilt,  as  the  pro|)ortion  of  carbon  dioxide 
would  acctitnlate  slotvly,  and  as  a  much  larger  amount  of  the  gas 
may  be  borne  without  serious  discomfort,  even  one-half  this  ca- 
pacity raay  be  tolerated  with  Utile  inconvenience  beyond  a  feeling 
of  fatigue  or  sleepiness  in  the  morning.  Dr.  Tidy  regards  400 
cubic  feet  as  the  very  smallest  amount  of  space  that  should  be  al- 
lowed to  each  i>erson  in  a  sleeping  room,  to  avoid  serious  over- 
crowding. Analysis  shows  that  the  foulest  air  in  an  occupied 
room  15  at  the  ceiling.  The  heat  of  the  body  or  of  a  lamp  causes 
an  exfiansion  of  the  air  about  them,  and  an  upward  current  of 
heated  COj,  water  vapor,  etc.  These  gases  reach  the  ceiling  be- 
fore they  cool  sufficiently  to  stop  this  upward  current,  and  before 
there  i=.  time  for  perfect  diffusion.  The  upper  galleries  in  theatres 
are  supplied  with  impure  air  from  the  main  floor  and  lower  gal- 
leries and  from  the  gas  lights.  Fresh  air  should  always  be  ad- 
mitted to  a  room  near  the  floor,  and  the  outlet  for  impure  air 
should  be  at  or  near  the  ceiling.  Jt  must  be  remembered  that  the 
law  of  diffusion  of  gases  does  not  allow  the  CO,  to  accumulate  in 
one  part  of  the  room  and  remain  there  for  any  considerable  time, 
but  mixes  it  evenly  through  the  air. 

Nor  is  this  diffusion  confined  within  a  room.  It  takes  place 
through  porous  walls  between  the  indoor  and  outdoor  air,  espec- 
ially in  winter,  when  there  is  much  difference  in  the  tem- 
perature of  the  t%vo.  Indeed,  a  very  fair  amount  of  ventila- 
tion may  be  affected  in  this  way,  where  the  walls  are  of  brick  or 
stone,  and  not  |)a{>erc'd  or  painted  inside 

Carbon  dioxide  exists  in  the  blood  partly  in  solution  in  the 
serum,  partly  combined  as  sodium  bicarbonate,  partly  as  sodium 
phospho-carboiiate,  and  partly  combined  with  the  corpuscles  of 
the  blood.  Putrefaction  after  CO,  poisoning  is  slow,  whileani- 
mal  heat  and  rigidity  are  verv  i)ersisient. 

Tests  for  Carbon  Dioxide. — Ifthe  quantiiycxceeds  13  per 
cent.,  a  ta|>er  is  extinguished.  Lime  water  and  baryta  water  ab- 
sorb COj  from  the  air,  and  are  rendered  cloudy  by  it,  from  the 
precipitation  of  the  carbonates  of  calcium  or  barium. 

Advantage  is  taken  of  this  fact  to  estimate  the  quantity  of  CO, 
in  air.  A  simple  way  of  te^ting  whether  the  air  of  a  room  con- 
tains 100  much  CO,  is  to  select  a  quart  bottle,  fill  it  with  the  air 
of  the  room  by  fir^t  filling  the  Itoltle  with  wuterand  then  jMJuriMg 
it  out  slowly,  and  add  to  the  bottle  one  cul)ic  centimeter  (Dlxvssj 
of  clear  and  well -saturated  lime  water,  faintly  colored  with  phcnol- 
phthalein.     Add   a  little  pure  water,  cork,  shake,  and  let  stand 
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for  a  few  hours.  Pure  outdoor  air  contains  just  sufficient  CO,  to 
deco'iorize  the  lime-water.  Indoor  air  should  not  decolorize  more 
than  1.3  c.c.  of  lime-water. 

Carbonic  Acid  and  Carbonates. — CO,  is  soluble  in  water, 
with  whit  h  it  combines  to  form  carbonic  acid  (H^COJ. 

H,0-f  CO,  =  H,COa. 

Carbonic  acid  is  a  feeble,  dibasic  acid,  forming  a  double  series 
of  salts,  the  carbonates  ar.d  acid-  or  bi-carbonates.  As 
mentioned  above,  "soda  water"  is  a  solution  of  carbonic  acid 
in  water,  kept  under  pressure.  When  the  pressure  is  removed,  a 
large  |x)rlion  of  the  acid  undergoes  decomposition,  into  the  anhy- 
dride (COj),  aud  water.  The  same  decomposition,  with  efferves- 
cence, takes  ]ilacc  when  we  prc]iare  the  acid  by  treating  a  car- 
bonate with  a  stronger  acid.  The  carbonates  of  gold,  arsenic, 
antimony,  and  aluminum  are  unknown.  The  carbonates  of  the 
alkaline  metals  are  soluble  in  water,  and  are  not  decomposed  by 
heat  ;  while  the  carbonates  of  all  the  other  metals  are  inholuble^ 
and  are  decomposed  by  heat,  giving  ihe  oxides  of  the  metals. 
The  bicarbonates  are  formed  by  passing  carbon  dioxide  through 
solutions  of  the  alkaline  carbonates.  They  are  converted  into  the 
carbonates  again  by  heat.  The  carbonates  of  ammonium  are  vola- 
tilized by  heat.  Water  charged  with  carbonic  acid  dissolves  the 
carl>onatcs  of  some  of  the  metals,  as  calcium,  magnesium,  iron, 
copper,  lead,  etc.,  which  gives  rise,  in  the  case  of  the  fir^t  two, 
to  hard  water.  This  hardness  is  de|)ositeti  again  on  boiling  the 
solution,  or  even  on  free  cxfK>sure  to  the  air,  thus  forming  an  im- 
(K>rtant  element  in  certain  geologiuil  formations. 

Carbon  and  Sulphur.  — Carbon  Disulphide  ( CSy)  — 
Carbonci  Disulphidum  (U.  S.  K)— is  formed,  like  the  diox- 
ide, by  the  direct  union  of  the  elements.  When  the  va[>or  of  sul- 
phur is  i>assed  over  charco.d  heated  to  redness,  the  elements  com- 
bine, producing  the  va|xjr  of  carl)on  disulphide,  which  condenses 
into  a  very  volatile,  colorless,  mubile  liquid,  possessing  a  peculiar, 
disagreeable  odor.  It  refracts  light  strongly,  and  for  this  reason 
is  used  to  fill  hollow  glass  prisms  for  thes|:)ectroscoi)e.  It  is  com- 
bustible, burning  with  a  blue  flame,  and  has  been  suggested  as  a 
means  of  furnishing  sidphuroas  oxide  lor  fumigation,  by  burning 
a  mixture  of  CS,  and  alcoliol  in  a  lamp.  S|i.  gr.  1.26S  to  1.269 
at  i5°C.  (59'^F.). 

The  va|)or  mixed  with  air,  forma  an  explosive  mixture,  and 
mixed  with  nitrous  oxide,  it  burns  with  a  very  brilliant  flame.  It 
is  insoluble  in  water,  but  is  ini^icible  with  alcohol  and  ether.     It 


is  a  ready  solvent  for  sulphur,  phosphorus,  caoutchouc  (India  rub- 
ber), fatb,  oils,  and  iodine,  with  the  lastol'  which  it  forms  a  violet- 
red  solution.  C8j  dissolves  in  a  solution  of  the  alkaline  sulphides, 
forming  sulpho-carbonates,  CS,  -f  IC,S  =  K,CS,.  CS,  may 
be  regarded  as  the  anhydride  of  siilpho-carbonic  acid,  H,CSj, 
obtained  by  addins  hydrochloric  acid  to  a  sulpho-carbonate. 

Pharmacopceial  requirements. — Carbon disulphide should 
not  affect  the  color  of  bhie  litmus  jwipcr  moistened  with  water 
(absence  of  sulphur  dioxide).  It  should  leave  no  residue  when 
evaported  six>ntaneons!y  (al>scnce  of  sulphur).  Test  solution  of 
lead  acetate  should  notbe  blackened  when  agitated  with  it  (absence 
of  hydrogen  sulphide).  Carbon  Monosulphide  (CS) — a 
brown-red  powder,  and  a  suI[jhiLle  having  the  formula  C^S,,  and 
an  oxy-sulphide,  COS,  are  also  known. 

Carbon  and  Nitrogen.  Preparation. — Although  carbon 
and  nitrogen  cannot  Ik;  made  to  unite  directly,  yet  carbon  com- 
pounds containing  nitrogen,  when  heated  with  potassium  hydrox- 
ide, yield  potassium  cyanide  (KCN);  and,  in  the  presence  of  iron, 
form  potassium  ferrocyanide,  or  yellow  prussiate  of  potash. 
From  these  two  compounds  all  the  long  list  of  comix)unds  con- 
taining the  radial  CN  are  prepared- 

Cyanogen  is  most  easily  [jrepared  by  heating  mercuric  or  ar- 
gentic cyanide,  or  by  mixing  two  parts  of  well-dried  potassium 
ferrocyanide  and  three  parts  of  mercuric  chloride. 

Properties. — Cyanogen  is  a  colorless  gas,  possessing  a  pun- 
gent odor.  It  is  soluble  in  one-fourth  its  volume  of  water,  and 
one-twentieth  its  volume  of  alcohol.  It  is  easily  condensed  to  a 
liquid  at  — 20.7°  C-  ( — 5°  F. ),  or  at  ordinary  temperatures  by  a 
pressure  of  4  atmospheres.  At  — 34°  C.  ( — 29.2*  F.)  it  freezes 
to  a  snow-like  solid.  It  burns  in  the  air  with  a  j»urplereJ  flame. 
The  free  cyanogen  molecule  is  composed  of  two  cyanogen  radi- 
cals, CN — CN.  The  radical  CN — (Symbol  Cy)  is  a  monad, 
negative,  or  acid  radical,  resembling  the  chlorine  group  in  its 
chemical  behavior,  and  forming  a  series  of  cyanides  resembling 
the  chlorides,  thus  : — 


I 


rotassium  chloride,  KCI. 
Silver  chloride.  AkI'1. 
MfTCuric  chloride,    HjiCI, 


PoiAssium  cynnide,  KCy. 
Silver  cyanide.         AgCy. 
Mercuric  cyanide,    HgCy,. 


Hydrocyanic  Acid -Prussia  Acid  (HCy)  is  most  readily 
obtained  by  decomposing  the  meiallic  cyanides  with  sulphuric 
or  hydrochloric  acid. 

KCy  ^-  H,SO,  =  HCy  -f-  KHSO.. 
AgCy  +  MO  =  AkCI    t    MCy. 
aK.FcCy,  ^-  6H^t\  -  KeK,KcCy,  +  6KII.SO,  4.  6HCy. 


MBDICAL    CHEMISTRY. 

The  acid  boils  at  26.5°  C.  (79.7**  F.),  and  is  soluble  in  water, 
from  which  it  gradually  escapes.  It  is  a  colarltss  liquid,  of  a 
charac  lerislic  odor  and  taste,  resembling  those  of  bitter  almonds, 
the  oil  of  which  contains  from  5  to  14  per  cent,  of  this  acid.  It 
is  also  a  constituent  of  laurel  water. 

Acidum  Hydrocyanicum  Dilutum  ( IJ.  S.  P.  and  Br.  P.) 
contains  two  per  cent,  of  HCy,  while  the  French  Pham  acopceia 
directs  the  acid  to  contain  10  per  cent. 

Preparation. — The  \L  S.  P.  directs  that  ]>ntassinm  fcrrocy- 
anide  be  treated  in  a  retort  with  sulphuric  acid  and  the  resulting 
HCy  distilled  into  a  receiver  cunlaining  some  water.  The  pro- 
duct is  then  assayed,  and  dilnicd  with  distilled  water  to  bring  it 
to  the  strength  of  two  per  cent.  A  formula  is  also  given  for 
preparing  the  acid  exteniporaneonsly.  Silver  cyanide  and  hydro- 
chloric acid  are  shaken  in  a  glass-stoppered  bottle,  and  when  the 
precipitate  has  subsided,  the  clear  liiniid  is  poured  off. 

Cyanides. — Pnissic  acid  forms  a  serits  of  coni[iounds  known 
as  cyanides,  which  resemble  the  haloid  coni|)ounds.  Like  the 
acid,  they  are  all  more  or  less  poisonous.  The  cyanides  of  potas- 
sium, mercury,  and  silver  are  best  known.  The  first  is  soluble  in 
water,  the  other  two  are  insoluble.  The  potassium  salt  is  used 
largely  in  photography  and  in  electro-metallurgy. 

Toxicology.  Hydrocyanic  acid  and  the  cyanides  are  very 
poisonous.  One  drop  of  ihe  pure  acid  is  enough  to  cause  instant 
death.  Accidents  are  liable  to  occur  Irom  the  use  of  the  cyanides, 
or  from  the  acid  or  vegetable  substances  containing  amygdalin, 
a  body  which  easily  undergoes  decomposition  into  pnissic  acid 
and  other  products.  Hitter  almonds,  cherry  laurel,  the  pits  of 
the  common  cherry,  ])lum,  peach,  and  sloe,  may  be  mentioned  as 
the  most  common  of  these.  In  England,  poisoning  by  cyanides 
ranks  second  in  order  of  frequency  in  all  cases  of  poisoning. 
One  grain  of  HCy  and  2.4  grains  of  ]>otassium  cyanide  are  suffi- 
cient to  cause  death  in  man.  The  symi)toms  ot  [loisoning  by 
H('y  and  KCy  are  very  nearly  the  same — first  a  salivation,  then 
constriction  of  the  throat,  giddiness,  and  insensibility.  The 
person  then  falls,  usually  in  a  convulsion,  respiration  and  fiulsc 
become  irregular,  and  finally  cease.  'Ilie  symptoms  commence 
from  ten  seconds  to  one  minute  after  s-walluwing  the  j.-oison, 
depending  somewhat  ujxin  the  dose  and  form  of  administration. 
In  some  cases  death  is  almost  instantaneous;  in  others,  ii  is  pro- 
>ngecl  10  15  minutes,  or  longer.  Hydrocyanic  acid  enters  the 
>lood,  forming  a  compound  with  the  hemoglobin,  passes  to  the 
medulla,   and    paralyzes   the    respiralory   centres.      The    post- 
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mortem  appearances  are  mainly  those  of  suffocation,  and. 
everywhere  thtre  is  the  odor  of  the  acid,  unless  concealed  by 
putrefactive  odors.     When    potassium  cyanide   has   been    used, 
there  is  usually  inllannnation  of  the  btuniach,  due  to  its  caustic 
action. 

Chronic  Poisoning  by  Cyanides  may  occur  in  photo- 
graphers, gilders,  and  electro  platers.  'J'he  symptoms  are  head- 
ache, giddiness,  noises  in  the  cars,  pains  in  the  region  of  ihe 
heart,  difficull  respiration,  loss  of  appetite,  nausea,  obstinate  con- 
Slifwition,  full  pulse,  pallor,  and  olTtnsive  breath. 

Treatment. — Wlien  there  is  time,  use  cold  douches,  ammo- 
nia inhalations,  chloride  ot  lime  alone  or  moistened  jvith  vinegar 
and  held  to  the  nose,  friction,  electricity,  artificial  respiration. 
The  bcbl  antidote  is  a  mixture  of  fcrroiis  and  ferric  sulphates,  with 
sodium  or  potassium  hydroxide  or  carbonate.  Usually,  however, 
there  is  not  sufficient  time  to  apply  these  remedies,  except  in 
cases  of  [>oisoning  by  the  vegetable  substances  above  mentioned 
as  containing  it,  and  in  chronic  poisoning. 

Tests. — ist.  ^dver  nitrate  precipiutes  the  acid  as  silver  cya- 
nide— a  white,  curdy  precipitate,  insoliilile  in  cold  or  weak  nitric 
acid.  A  glass  rod  moistened  with  AgNO,  and  held  in  the  vapor 
is  rendered  milky  2d.  Add  a  solution  of  liquor  potassae,  or 
potassium  hydroxide,  then  a  solution  of  ferrous  sul[jhate  mixed 
with  ferric  sulphate,  then  a  small  quantity  of  sulphuric  acid,  when 
a  blue  deposit  of  Prussian  blue  will  appear.  3d.  To  a  small  por- 
tion of  the  susi>ected  iKpiid,  in  a  wide  test  tube  or  crucible,  add 
diluted  sulphuric  or  hydrochloric  acid.  Invert  over  this  a  watch 
glass,  convex  side  down,  with  one  or  two  drops  of  yellow  ammo- 
nium sulphide  upon  the  under  side  of  it.  Warm  the  crucible 
gently,  and  after  a  few  minutes  remove  the  watch  glass,  warm, 
and  evaporate  the  ammoniiun  sulphide  by  blowing  upon  it.  Now 
touch  the  stain  with  a  drop  of  ferric  chloride,  when  a  blood^red 
stain  will  make  its  appearance,  due  tu  the  formation  of  suli>ho- 
cyanate  of  ammonium  on  the  glass,  which,  with  the  iron,  strikes 
a  red  color.  This  is  easy  to  perform,  is  api)licable  to  organic 
mixtures,  and  is  quite  delicate. 

Assay. — Mix  in  a  flask  of  abiHit  lOO  c.c.  capacity,  0.370  gm.  of  the  HCy  to 

be  tcMeri,  with  a  liule  water,  ami  enougli  magnesia  to  make  the  mixture  opatiuc. 
Add  to  thi>  two  or  three  drop*  of  test  sululion  of  (Mtu^hium  chromalc,  and  Inen 

N 
tilver  nitrate  ioliition  from  a  burette,  until  a  permanent  red  tint  is  pro- 

10 

duced.     Each  c.c.  of  the  silver  nitrate  solution  used  represents  1  per  cent,  (or 
0.0037  gni.)  of  pure  HCy. 


i 
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Cyanic  Acid  (H-O-Cy). — Metallic  t-yanides  readily  take  i 
oxygen  when  fused  with  potassium  nitrate  or  even  the  oxides  of 
some  of  the  metals,  and  form  cyanates.     The  acid,  HOCy,  may 
be  prepared  by  decomposing  its  salts  with  diluted  acids.     It  is 
unstable,  and  breaks  up  into  carbon  dioxide  and  ammonia. 

HOCN  +  H,0  =  NH,  -1-  CO,. 

Of  the  cyanates,  the  ammonium  cyanate  is  the  most  interesting, 
as  its  solution  in  water,  on  being  heated,  forms  urea,  a  body 
isomeric  with  it,  and  a  well-known  excretory  substance  found  ia 
urine. 

NH.CNO^COlNH,),. 

This  is  interesting  as  being  the  Brst  animal  sul:>stance  prepared 
by  synthesis. 

Sulphocyanates. — The  potassium  salt  is  pretmred  by  fusing 
potassium  ferrocyanide  and  sulphur  together,  and  exhausting  the 
fused  mass  with  alcohol.  On  eva[io:ating  the  alcohol,  a  white, 
crystalline  salt  is  obtained,  soUible  in  water,  and  having  the 
formula  KSCy. 

Ammoniuni  Sulphocyanate  (NH.SCy)  is  prepared  by 
healing  hydrocyanic  acid  with  yellow  ammonium  sulphide. 

The  prmcipal  interest  attached  to  these  salts  is  their  use  as 
tests  for  ferric  iron  salts,  with  which  they  give  a  blood-red  solu- 
tion.    The  sodium  salt  is  lound  in  traces  in  human  saliva. 

Mercuric  sulphocyanate,  formed  by  precipit;iting  mercuric 
nitrate  with  jiotassium  suljihocyanate,  is  decom[x>sed  by  heat,  the 
ma^s  swelling  up  and  leaving  a  voluminous  residue.  It  is  used 
in  making  the  toy.  Pharaoh's  Serpents. 

Compound  Cyanides.  — Cyanogen  shows  a  remarkable  ten- 
dency to  form  complex  compounds.  Among  these  more  comi>lex 
compounds  are  two  series  of  lx)dies  in  which  cyanogen  and  iron 
form  the  radical.  Of  the»e,  the  ferrocyanides  and  ferricya- 
nides  of  potassium  and  iron  will  be  mentioned  here. 

Potassium  Ferrocyanide — K,le(CN)a— Yellow  Prus- 
siate  of  Potash  is  an  important  commercial  product,  manu- 
factured on  a  large  scale  by  fusing  in  a  closed  crucible  nitro- 
genous animal  matter  (horns,  hoofs,  leather  scraps,  etc.),  with 
potassium  carbonate  and  iron  filings,  treating  the  fused  mass  with 
water,  and  crystallizing.  The  salt  is  thus  obtained  in  large, 
yellow,  tabular  crystaUi.  It  is  used  in  dyeing,  in  preparing  cer- 
tain pigments,  and  as  a  source  of  all  the  other  cyanogen  com- 
pounds.   By  simple  fusion,  ix)tassium  cyanide  (K.C>')  is  prejwired. 
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K.FeCy.  «  4KCy  +  FeC,  -f  N^ 

From  a  solution  of  the  salt,  various  other  ferroryanides  are  pre- 
pared by  precipitation.  Of  these,  Prussian  Blue  (ferric  ferro- 
cyanide),  pre]>ared  by  adding  to  a  solution  uf  iiotassium  ferro- 
cyanide  a  solution  of  some  ferric  salt,  is  used  as  a  pigment  and 
as  a  medicine.  With  a  ferrous  salt  the  iirecipitate  is  white,  but 
quickly  becomes  blue  by  oxidation.  TJiis  test  serves  to  distinguish 
terruus  from  ferric  salts.  With  cupric  salts  we  obtain  a  reddish- 
brown  ]trecipitate,  CiuKeCy^. 

Fcrricyanides. — liy  |>assing  chlorine  through  a  solution  of 
KjFcCy.,  a  cumjxjunU  is  formed  in  which  the  iron  of  the  radical 
is  tetrad,  and  the  radical  itself  becomes  hexad.  Kg(Fe^Cy„)*'. 
On  evaporating,  we  obtain  dark  red  crystals  of  potassium 
fcrricyanide,  or  red  Prussiate  of  potash.  With  ferrous 
salts  a  solution  of  this  sail  gives  a  deep  blue  prccipitale  of  ferrous 
ferricyanide — Fej,FejCy,5 — Turnbuirs  Blue.  Ferric  salts  give  no 
precipitate  or  coloration,  and  thus  we  distinguish  ferric  from 
ferrous  salts. 

Ferric  Ferrous  cyanide  =  !'n»8ian  Blue. 

Ferrous  Ferric  cyanide  =  TuTDbuU's  Ulue. 

The  funher  consideration  of  the  carbon  compounds  will  be 
found  in  Part  IV. 


SILICIUM-SILICON. 

Si  =  3S. 

Occurrence. — It  occurs  in  native  rocks,  cither  as  silicic  oxiac 
(SiO,).  quartz,  amethyst,  carnelian,  etc.,  or  combined  with 
various  metallic  oxides  as  silicates.  Clay  is  princip^illy  a  silicate 
of  aluminum  colored  with  iron  and  vegetable  matter.  This, 
next  to  oxygen,  is  the  most  abundant  of  the  elements.  Neither 
tlie  element  nor  its  compounds  are  of  much  interest  to  medical 
students. 

TTie  element  never  occurs  native,  and  may  be  prei>ared  in  three 
allotropic  states:— amorphous  silicon,  graphitic  silicon, 
and  crystallized  silicon,  somewhat  resembling  the  three  states 
of  carbon. 

Compounds. — Silicic  Hydride  (SiHJ  is  obtained  as  a 
colorless,  s|Kjntaueously  intlammable  gas,  by  the  electrolysis 
of  a  solution  of  conmmn  salt,  using  for  the  positive  electrode 
an  aluminum  containing  silicon.  Silicic  chloride  (SiClJ  is  a 
colorless,  volatile  liquid  possessing  an  irritating  odor.  The 
19- 
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bromide,  SiBr^,  and  fluoride,  SiF\,.are  also  known.  This  latter 
is  decomposed    by  water,    forming   hydro-fluo-silicic   acid, 

Silicic  Oxide,  or   Anhydride  (SiO,)  is  the  only  known 

oxide  of  this  element,  anA  exists  in  a  jnire  ^tate  in  quartz  crystal. 
It  may  be  prepared  artifn  ialiy  by  adding  hydrorJitoric  acid  to  a 
concentrated  solution  of  sohible  or  water-glass,  fdtertng,  washinj^, 
and  heating  the  residue  to  expel  the  water.  Arliricially  prejuired, 
it  is  a  fine,  white,  tasteless  jjowdcr,  fusible  with  great  difficulty, 
and  not  sejisitily  soluble  in  water  or  acids,  with  the  exception  of 
hydrofluoric  acid.  Its  sp.  gr.  is  2.66.  When  fused  with  ]x>tas- 
sium  or  sodium  carbonates  or  hydroxides,  it  forms  a  silicate  of 
these  metals,  or  glass.  When  these  alkalies  are  in  excess,  the  glass 
is  soluble  in  water,  tlie  degree  of  solubility  increasing  with  the 
proportion  of  alkaline  salt  used.  'I'liis  coukpound  is  known  as 
soluble  or  water  glass. 

Silicic  Acid  and  Silicates. — The  normal  cilicic  acid  has 
the  formula  H^Si(  J^,  and  is  only  known  in  soUition  in  water.  It 
may  be  prepared  by  adding  hydrochloric  acid  to  a  very  dilute 
solution  of  an  alkaline  silicate,  but  it  is  unstable.  I'he  acid  is 
very  prone  to  liberate  a  portion  of  its  water  and  form  acids  of 
the  condensed  types;  /'.  c,  two  or  more-  molecules  wnite  and 
liberate  one  or  more  mukcules  of  water.  The  native  silicates  are 
very  complex  in  structure,  and  are  usitally  formed  on  this  con- 
densed pUn. 

Glass, — fummon  glass  is  a  mixture  of  several  silicates,  in 
which  there  is  an  excess  of  silica;  the  principal  ones  used  being 
sodium,  calcium,  and  lead  silicates.  By  the  addition  of  small 
quantities  of  metallic  oxides,  various  colors  are  imparted  to  the 
glasa ;  llius,  cobalt  gives  a  blue,  manganese  an  amethyst,  cuprous 
oxide  a  niby,  cupric  oxide  a  bluish-green,  chromium  a  greenish- 
yellow,  ferric  oxide  a  brownish-yellow  or  black,  and  ferrous 
oxide  the  ordinary  green  bottle  glass. 

The  element  Germanium  is  not  of  sufficient  interest  to 
merit  an  extended  description  here. 

TIN  (Stannum). 

So  =s  118.     bp.  jr.  =  7.3. 

Occurrence. — Tin  was  known  before  the  Christian  cm.  It 
is  said  to  have  been  found  native.  The  thief  ore  is  cassiterite, 
or  tin  atone,  SnO,.  The  metal  is  not  abundant  and  the  mines 
are  but  (i:w.    Those  of  Cornwall  and  Banca  are  best  known.    Com- 
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Vnercial  tin  is  seldom  pure,  but  is  liable  to  contain  lead,  copper, 
iron,  zinc,  antimony,  or  arsenic 

Properties  and  Uses. — Tin  is  a  bluish-white,  soft  metal, 
malleable,  ductile,  and  fusing  at  220°  C.  1,438**  K).  At  100°  C. 
(112°  F.)  it  may  be  drawn  into  wire,  but  at  200°  C.  it  is  so  brit- 
tle thai  it  may  be  pulveriied.  It  oxidi^^es  readily  when  in  the 
melted  stale,  and  at  higher  temjieratures  it  lakes  fire  and  burns 
to  SnOj.  At  ordinary  temperatures  it  is  fairly  permanent  in 
the  air.  It  dissolves  in  hut  hydrochloric  acid  and  in  diluted  nitric 
acid,  and  in  hot  concentrated  solutions  of  sodium  and  potassium 
hydroxides.  As  tin  does  not  tarnish  in  the  air,  or  is  not  easily 
attacked  by  the  organic  acids,  it  is  much  used  to  prepare  culinary 
vessels.  Owing  to  its  cost  and  brittleness  it  is  usually  employed 
to  coat  over  sheet  iron  and  copper.  Ordinary  sheet  tin  is  sheet 
iron  covered  with  tin  by  immersing  the  previously  cleansed  iron 
in  a  bath  of  melted  tin.  To  prevent  the  oxidation  and  waste  of 
the  tin  while  in  the  melted  state,  it  is  covered  with  a  layer  of 
melted  tallow.  The  ariicle  to  be  tinned  is  dipped  through  the 
tallow  into  the  melted  tin,  thence  into  another  bath  of  tallow  to 
allow  the  excess  of  tin  to  run  off. 

An  alloy  of  tin  and  lead  is  largely  used  for  tinning  iron  and 
copiwr.  to  cheai^en  the  cost.  This  alloy  is  corroded  by  ordinary 
water,  and  should  never  be  used  for  culinary  vessels  or  for  can- 
ning vegetables  or  fniits,  on  account  of  ihe  lead.  Brass  and  cop- 
per articles  may  be  given  a  thin  layer  by  immersing  them  in  a 
boiling  solution  of  tin  chloride  in  contact  with  pieces  of  uietallic 
tin.  Mirrors  are  coated  with  an  amalgam  of  tin  in  such  a  way 
as  to  exclude  all  air.  The  ordinary  tin  foil,  used  as  wrapping 
material,  is  made  by  rolling  a  sheet  of  lead  between  two  sheets 
of  tin. 

Compounds. — Tin  forms  two  classes  of  compounds  corres- 
ponding to  the  dyad  and  tetrad  conditions  respectively.  Of  these 
the  most  important  are  the  folJowing  :  — 

Stannous  STMrnic 

LVmrouNDS.  CoMrouMDS. 

Chlorides, SaCl,  SaCI^. 

Oxidci SnO.  SnO,. 

Hydn.xidc, So,UtOH),.  ... 

Acids H^nOj. 

MeUistannic  Acid ''io'^''t^i&' 

Chlorohtaniiic  Acid, M,SiiCl^. 

Nitrate Sn(NO,),.  SntNO,), 

Sulphate SnSrV  SnfSO^),. 

Sulphide, SdS.  SdS}. 
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Of  these  compounds  ihe  most  important  is  stannous  chloride, 
SnClj.  It  is  preixired  by  treating  tin  with  dry  HCl,  or  mcrruric 
chloride.  When  tin  is  dissolved  in  HCl  and  the  solution  is 
evajKirateti  down  and  cooled,  it  deposits  crystals  of  SnCl^.aH.O. 
These  crystals  dissolve  in  about  one-third  their  volume  of  water, 
but  are  decomposed  by  a  large  <]uantityor  water  into  a  basic  salt. 
When  the  solution  of  this  sail  is  ex])osed  to  air,  it  absorbs  oxygen 
and  deposits  an  oxychtoride.  Stannous  chloride  is  a  strong 
reducing  agent,  and  is  iised  as  such  in  the  lilxiratory.  It  is  used 
as  a  mordant  in  dyeing.  Hydrated  stannous  sulphide  is  produced 
as  a  brown  jxiwder  when  H^S  is  conducted  through  a  solution 
containing  a  stannous  salt.  It  is  insoluble  in  diluted  acids,  but 
soluble  in  alkaline  sulphides. 

Stannic  oxide  (Sn().j)  occurs  native  in  the  mineral  cassiterite. 
When  prepared  artificially,  by  roasting  tin  or  the  hydroxide,  it 
appears  as  a  white  |X)wiler.  It  is  used  in  the  manufacture  of 
ojxupie  white  glass.  Stannic  oxide  is  used  as  a  ]K»lishing  {>owder 
under  the  name  of  *'  putty  powder." 

The  tin  salts  have  found  little  iLse  in  medicine. 

Toxicology. — The  salts  of  tin  have  feeble  toxic  properties. 
The  chlorides  are  poisonous,  belonging  to  the  irritant  ix>isons. 
As  the  chlorides  are  used  in  dye  works,  they  have  been  taken  by 
mistake,  and  have  caused  death  or  serious  symptoms.  I'he  symp- 
toms do  not  appear  to  be  constant  or  uniform,  but  there  is  usually 
vomiting,  pain,  depression  of  the  heart's  action,  diarrhoea,  and 
delirium. 

The  treatment  is  to  encourage  vomiting  and  give  milk  freely. 
Ammonium  carbonate  may  be  given,  which  precipitates  the  tin 
in  a  com[iaratively  insoluble  and  inert  condition.  The  chlorides 
are  decomposed  by  nearly  all  the  animal  fluids,  and  also  by  vege- 
table infusions. 

The  effects  of  small  doses  of  tin  continued  for  a  long  time  have 
not  been  clearly  defined. 
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LEAD  tPIumbum), 

I>b.   =.  30J, 

Occurrence. — The  most  abundant  ore  found  native  is 
Galena,  or  Galcnite  [  PbS}.  Other  ores  arc  Cerussite 
(PbCO,).  Crocoisitc  (PbCrO,),  Wulfcnite  (PbMoO.).  and 
Pyromorphite  ( rb,(PGJ,). 

Preparation. — Vot  this  purjwse  galenite  is  almost  ex- 
clusively employed.     The  ore  is  first  roasted  in  the  air,  by  which 
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a   jiortion   of  the   lead   sulphide   is  converted  into  oxide,  and 
another  ^xiri  inio  biil[iliate. 

2PbS  +  3O,  =  al-WJ  4-  2SO, 
and  2l*bS  -f  40^  =  al'bSU^. 

These  two  products  are  then  strongly  heated  in  a  reverberatory 
furnace,  when  they  react  as  follows :  — 


2PhO  -f-  PbS 
and  PliSO^  -I-  PbS 


3(*b  H-  SO, 
2Pb  -h  aSU,. 


If  the  galena  contains  much  silver,  this  isse])arated  by  crystalliza- 
tion and  cu|;e11:ition. 

Properties, — Lead  is  a  bluish-white  metal,  brilliant  upon 
freshly  cue  surfaces,  but  soon  tarnishes,  it  is  soft  and  pliable, 
but  not  very  nialleahle  or  duclile.  Si)ecific  gravity,  ti.37.  It 
tuscs  at  334^*  C.  (633°  F.).  It  is  a  poor  conductor  of  electricity, 
but  a  better  conductor  of  heat. 

When  exposed  to  the  air,  it  oxidizes  slightly.  It  is  not  acted 
u|X)n  by  pure  waler  deprived  of  air,  but,  by  the  contact  of  air 
and  water,  it  oxidizes  lo  ihe  hydroxide  (Pb(^OHj.^).  which  is 
slightly  soluble  in  water.  If  the  water  contains  carbon  dioxide, 
carbonates,  or  sulphates,  very  little  lead  goes  into  solution,  but  it 
is  coated  with  an  insoluble  layer  of  lead  carbonate  or  sulphate. 
If  the  carbon  dioxide  be  under  pressure,  as  in  soda  water,  the 
carlK»nate  formed  is  somewhat  soluble  in  the  water. 

The  solvent  action  of  water  upon  lead  is  increased,  however, 
by  the  presence  of  nitrates  and  nitrites.  These  facts  are  of  great 
practical  im(xjrtance,  as  lead  pipes  are  very  frequently  employed 
for  conducting  potable  waters. 

Sulphuric  and  hydrochloric  acids  have  but  little  effect  on  lead, 
esfx^cially  if  cold,  owing  to  the  insolubility  of  its  sulphate  and 
chloride.  Nitric  acid  dissolves  It  readily.  Zinc,  tin,  and  iron 
precipitate  this  metal  from  its  solution. 

There  are  several  useful  alloys  of  lead.  Alloyed  with  an  equal 
part  of  tin,  it  fuses  at  186"  C.  (366.8°  F.)  and  is  iisetl  for  soft 
solder.  Tyi>e-nietal  is  an  alloy  of  four  or  five  parts  of  lead  and 
one  of  antimony  :   the  proportions  vary  considerably. 

Lead  Chloride  (PbtM,)  separates  as  a  white  precipitate  when 
hydrochloric  acid  is  added  to  a  concentrated  solution  of  a  lead 
salt.  It  is  nearly  insoluble  in  cold  water,  but  dissolves  in  thirty 
parts  of  hot  water,  from  which  solution  it  crystallizes,  on  cooling, 
in  white,  shining  needles.  At  a  red  heat  it  fuses  to  a  horn-like 
mass. 
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Lead  Iodide -Plambi  lodidum  i^V.  S.,  Br.),  (Pbl,)"ts 
precipitated  troiu  lead  soliitiona  by  [iotaasium  iodide,  as  a  biiyht 
yellow,  crystalline  powder.  It  is  practically  insoluble  in  cold 
water,  but  more  soluble  in  boiling  water,  from  which  it  crystal- 
lizes, i>n  cooling,  in  beautiful,  gold-colored,  glistening  crystals. 
An  ointment  oT  this  salt  is  otificul.  Exposed  to  li-^ht  and  moist- 
ure, It  decom|>oscs  with  the  liberation  of  iodine. 

Lead  Oxide  —Protoxide — Massicot — Litharge  ^Plum- 
bi  Oxidum  (U.  S.,  Br.),  (i^bO) — is  prepared  by  heating  lead, 
its  carbonate  or  nitrate,  m  the  air.  Much  of  it  is  obtained  as  a 
bye-product,  in  the  extraction  of  silver  from  galena.  If  it  fnses, 
ii  constitutes  litharge;  if  not,  massicot.  The  former  is  a 
reddish-yellow  or  brown  mass  of  rhombic  scales  ;  the  latter  is  a 
yellow,  amorphous  powder,  differing  from  litharge  in  color  and 
texture,  but  not  in  comix>sition. 

Lead  oxide  has  strong  basic  properties.  It  absorbs  carbon  di- 
oxide from  the  air  and  imparts  an  alkaline  reaction  to  water  in 
which  it  dissolves  as  hydroxide.  Like  other  strong  bases^  it  sap- 
onifies fats  when  heated  with  them  lo  form  lead  soa|)s,  as  lead 
plaster.  It  dissolves  readily  in  nitric  or  hot  acetic  acid,  with 
ttie  formation  of  nitrate  or  acetate  of  lead.  It  fuses  at  a  red  heat. 
If  fused  in  an  earthen  crucible,  it  att:icks  the  crucible  and  forms 
a  silicate,  and  thus  perforates  the  crucible.  When  heated  10300° 
C.  (572^^  F.)  in  contact  with  air,  it  is  slowly  o.vidized  to  a  bright 
red  portder,  miniufn,  or  red  lead. 

Plumboso-plumbicOxide — Minium — RedLead(  Pb/\) 
or  (zFliU.PbO^)  —is  prepared,  as  already  stated,  by  roasting  lith 
arge  at  a  temperature  of  300°  C  (572°  F.),  and  is  used  as  a  ])ig- 
ment  and  in  the  manufacture  of  glass.  Its  composition  is  proba- 
bly expressed  by  the  formula  Pb^O, ;  or,  as  one  molecule  of  the 
dioxide  combined  with  two  of  the  monoxide ;  or,  as  the  lead  $alt 
of  plumbic  acid. 

It  is  a  brilliant  red  [x>wder,  of  a  specific  gravity  of  8.62.  When 
strongly  heated,  or  subjected  to  the  aciion  of  reducing  agents,  it 
is  converted  into  litharge.  Nitric  acid  dissolves  the  monoxide, 
leaving  the  dioxide,  the  color  changing  to  brown. 

A-s  occurring  in  commerce,  it  is  frequently  contaminated  with 
oxides  of  iron  or  brickdust.  It  should  dissolve  in  diluted  nitric 
acid  to  which  a  little  sugar  his  been  added. 

Lead  Dioxide— Peroxide  of  Lead— Puce  Oxide  of 
Lead — Binoxide  of  Lead — Plumbic  Anhydride — may  be 
preijared  by  dissolving  the  monoxide  out  of  minium  withdtlitled 
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nitric  acid,  or  by  ihe  action  of  chlorine  upon  lead  carbonate  sus- 
pended in  water. 

It  is  a  dark,  reddish-brown  powder,  insol'ible  in  water  ;  speci- 
fic gravity  8.903  to  9.190.  Heat  drives  off  lull"  its  oxygen,  con- 
verting it  into  the  monoxide.  It  is  therefore,  when  heated,  a 
vahiable  oxidi/in^  agent. 

Plumbic  Acid  is  formed  as  crystalline  plates  at  the  positive 
eleciroiie.  when  alkaline  solutions  of  the  lead  salts  are  subjected 
to  electrolysis. 

With  the  alkaline  hydroxides,  lead  dioxide  dissolves  to  form 
well  <lefined  but  unstaijle  plumbates.  Pota-isiuin  plumLale  may 
be  obtained  in  cubic  crystals  by  dissolving  the  hydroxide  in 
fxjtassium  hydroxide,  and  cooling  the  solution.  It  is  decomposed 
by  water. 

Lead  Nitrate— Neutral  Lead  Nitrate— Plumbi  Nitras 
(U.  S.,  Br. ),  (Pb(N'{J,|j—i.s  obtained  by  dissolving  lead  or  its 
oxides  in  an  excess  of  nitric  acid. 

PbO  +  2HNO,  =  Pb(NO,),  +  H,0. 

It  forms  anhydrous  octahedral  crystals,  soluble  in  two  parts  of 
water  at  15°  C.  (590*  F;  and  0.7' part  at  100^  C.  (212**  F.).  At 
a  red  heat,  it  melts  and  is  decomposed  into  PbOj  NO,,  and  oxy- 
gen. 

Lead  Sulphate  (PbSO,)  occurs  in  theiiiineral  Anglesitc  in 
rhombic  crystals,  isomorphous  with  barium  sulphate.  U  is  pro- 
duced by  the  double  decomposition  between  a  sulphate  and  a 
soluble  lead  salt. 

Pb(NO,),  +  N«,SO,  =  PbSO,  -f  jNaNO,. 

It  is  insoluble  in  water,  but  readily  soluble  in  concentrated  sul- 
phtiric  arid.     The  commercial  acid  always  contains  it. 

Lead  Carbonate  (PbCO,)  occurs  as  Cerussite.  Plumbi 
Carbonas(U.  S.  P.Hias  the  com|>osition  (  PbCOj,.  Pb(,OH). 
It  may  Ix^  produced  by  double  decomposition  between  a 
lead  salt  and  a  soluble  carbon.^te,  or  by  ixtssiuj^  carbon  dioxide 
through  a  neutral  suUition  of  a  lead  salt.  \Vhite  lead  is  usually 
prc^Kircd.  commercially,  by  treating  thin  sheets  of  lead  with  acetic 
acid  and  then  e.\i>osing  the  acetate  to  carbon  dioxide.  The  lead, 
rolled  into  sheets,  is  placed  in  earthen  jars  containing  a  small 
qtiantity  of  vinegar  at  the  l>ottom,  but  not  in  contact  with  the 
lead.  Great  iinmbers  of  the  jars  after  being  thus  charged,  are 
buried  in  stable  manure  or  s|jent  tan  bark.  By  the  decom[x)si> 
tion  of  the  bark  or  manure,  considerable  carbon  dioxide  and  heat 
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are  produced.  The  heat  volatilizes  a  |)ortion  of  the  vinegar", 
which,  acting  upon  the  lead,  produces  the  acetate  (PbtC^HjO,),). 
The  carbon  dioxide  acting  uikjh  the  acetate  converts  ic  into 
a  basic  or  hydro-carbonate  of  lead  having  the  formula:  — 

(PbCO,),  Pb(OH)3,  or  PbO— HCO,— III— CO,— ?bO— H, 

and  acetic  acid,  which  acts  upon  a  fresh  portion  of  the  lead. 
After  the  laijse  of  a  considerable  time  about  six  weeks,  the  pile 
is  taken  down,  the  sheets  are  taken  out.  and  the  carbonate  de- 
tached from  them  by  [xissing  them  througli  rollers,  or  by  pound- 
ing. The  white  powder  is  then  ground  with  oil  and  sent  into 
the  market  as  *'  White  Lead." 

White  lead  is  largely  used  in  oil  painting,  forming  a  part  of  all 
but  the  darkest  colors.  As  it  is  |>oisonoiis,  and  is  darkened  by 
the  action  of  hydrogen  sulphide  in  the  atmosphere,  ii  is  at 
present  being  more  and  more  replaced  by  zinc  ■white  (.ZnOj 
and  permanent  Avhitc  (BaSO^), 

Lead  Sulphide  (HbS)  occurs  in  the  mineral  galena.  It  is 
precipitated,  as  a  black  powder,  from  a  solution  of  lead  salts  by 
hydrogen  sulphide,  or  alkaline  sulphydratcs.  'J'he  native  sul])hide 
is  bltiish-gray  and  has  a  metallic  lustre.  Sp.  gr.  7. 58.  '1  he  sul- 
])hide  obtained  by  precipitation  has  a  sp.  gr.  of  6  924.  It  is  in- 
soluble in  dilute  acids. 

Lead  Acetate  —  Salt  of  Saturn  —  Sugar  of  Lead  — 
Plumbi  Acetas  (U.  S.,  Br.),  (Pb^C.H/^tJ.jHp— is  pre- 
l>ared  by  dissolving  litharge  in  acetic  acid  j  or  by  exposing  lead 
to  the  action  of  acetic  acid  and  air.  evaj>orating  and  crystallizing. 
It  forms  large  oblitjue  rhombic  prisms,  having  a  sweetish,  metal- 
lic taste.  Jl  dissolves  in  2.3  parts  of  water  at  15**  C.  (59*  F.), 
and  in  21  parts  of  alcohol,  forming  solutions  which  react  acid 
upon  test  i>aper.  On  exposure  to  the  air,  the  crystals  effloresce 
upon  the  surface  and  are  partly  converted  into  carbonate. 
Several  subaceiaies,  or  basic  acetates,  are  known.  The  only  one 
requiring  mention  is  that  having  the  formula,  a])|iroximately.  of 
PbjO(C,H,().^),.  This  is  the  chief  constituent  of  Liq.  plumbi 
subacetatis  (U.  S.,  Br.)  or  Goulard*s  extract,  which  is 
obtained  by  boiling  a  solution  of  the  neuiral  acetate  with  lead 
monoxide  in  fine  [iowder.  When  exposed  to  the  air,  this  solu- 
tion absorbs  CO,  and  becomes  milky  from  the  torniation  of  lead 
carbonate. 

Lead  Chromatc  (PbCrOJ  is  formed  by  precipititing  lead 
nitrate  or  acetate  with  i>olassiuni  chromate. 

WKNO,),  +  KjCrO^  =  PbCiO^  +  aKNOg. 
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It  is  used  as  a  pigment,  under  the  name  of  chrome  yellow. 
Recently,  its  fraudulent  use  as  an  artificial  coloring  agent  in 
manufactcjred  food  products  has  been  discovered.  It  is  insoluble 
in  water,  but  soluble  in  strong  alkalies. 

Physiological  Action  of  Lead. — ^AII  of  the  compounds  of 
lead  that  aro  soluble,  and  those  that  are  themselves  insoluble  but 
that  are  readily  convertilije  into  soluble  compounds  by  the  action 
of  air,  water,  or  the  digestive  fluids,  are  poisonous. 

The  chronic  form  of  lead  poisoning,  painter's  colic,  is  very 
common,  and  is  produced  by  the  continuous  absorption  of  small 
quantities  of  the  metal  or  its  compounds,  either  by  the  skin, 
lungs,  or  the  stomach.  Although  metallic  le-id  is  inert,  its  absorp- 
tion will  c^use  symjitoms  of  poisoning  from  its  being  converted 
within  the  body  into  poisonous  conipounds.  Some  of  the 
methods  by  which  it  may  be  introduced  are:  the  drinking  of 
water  that  has  been  in  contact  with  the  metal  ;  the  use  of  food, 
tobacco,  etc.  that  hxs  been  wrapped  in  tin-foil  containing  lead; 
the  drinking  of  beer  or  other  beverages  that  have  been  kept  in 
pewter  vessels ;  and  the  handling  of  the  metal,  its  salts,  or  its  alloys 
by  artisans.  Almost  all  of  the  commoner  com|>ounds  of  lead 
may  give  rise  to  chronic  poisoning.  Probably  the  carbonate  is 
the  cause  of  more  cases  in  painters,  artists,  manufacturers  of  [Kiint, 
and  persons  sleeping  in  freshly  painted  apartments,  than  any 
other  lead  comt^K>und. 

Acute  lead  jwlsoning  Ls  comparatively  rare  and  is  not  often 
fatal.  It  is  generally  caused  by  the  ingestion  of  a  single  large 
dose  of  the  acetate,  sulxicetate,  carbonate,  or  red  lead. 

When  it  occurs,  magnesium  sulphate  should  be  given,  as  it 
forms  an  insoluble  lead  sulphate. 

If  the  metal  be  onrc  ab-;orbcd,  it  is  eliminated  slowly,  as  it 
tends  to  Ijccome  fixed  by  combinrition  with  the  albuminoids  of 
the  body.  This  comjx)nnd  is  rendered  soluble  by  potassium 
iodide.     It  is  eliminated  by  the  urine,  perspiration,  and  bile. 

On  account  of  the  many  ways  in  which  it  may  be  introduced, 
great  caution  is  necessary  in  drawing  conclusions  from  traces  of 
lead  found  in  the  body  after  death. 

The  Reinaining  Metals  of  Group  IV.  are  titanium,  zir- 
conium, ceriimi.  and  thorium.  Of  these  the  only  one  that  has 
found  use  in  medicine  is  cerium. 

Ceriutn  is  a  somewhat  rare   metal    found    in   a    number   of 
minerals  as  a  silicate,  more  esi^ecially  in  ccritc.     The  element 
may  be  obtained  by  the  electrolysis  ol  cerous  chloride.     It  re- 
ap 
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sembles  iron  in  most  of  its  physical  properties.     Like  iron,  it 
forms  two  scries  of  compounds. 

The  oxalate  Ce,(CjrW  -f  9H^O  is  used  in  medicine,  and  is 
prepared  by  precipitating  cerous  chloride  with  ammonium  oxa- 
late. It  is  a  white  [>o\vdt'r,  jxTrmantMU  in  the  air,  odorless,  taste- 
less, insoluble  in  water  or  alcohol,  but  soluble  in  hydrochloric 
acid.  On  heating  the  salt  it  decomposes,  leaving  a  reddish  yel- 
low residue  of  Ce,Oj. 


GROUP  I.— THE  ALKALI   METALS. 

1.  LUhium,   .......      7  4.  Rubidium 85 

2.  Sodium 33  5.  Caesium 133 

3.  Potassium, 39  6.  (Ammonium),  NU,=  i8 

The  metals  of  this  group  present  a  great  similarity  in  their 
chemical  and  physical  properties.  Exposed  to  the  air,  they  all 
oxidize  readily.  Thty  decomiMJse  water  violently,  with  the 
formation  of  strong  Uisic  hydroxides  which  dissolve  in  the  excess 
of  water.  The  hydroxides  thas  formed  are  called  caustic  alka- 
lies (caustic  potash,  caustic  soda)  ;  hence  the  name,  alkali  metal. 
Nearly  all  of  the  sails  of  these  metuls  are  soluble,  and  most  of 
ihem.  when  in  solution,  turn  red  litmus  blue.  They  form  but  one 
chloride,  one  iodide,  and  one  bromide. 

LITHIUM. 

U-7. 

Lithium  occurs  widely  distributed  in  nature,  but  in  small  quan- 
tities. It  is  found  in  some  mineral  springs  and  in  the  ashes  of 
many  plants,  chielly  that  of  tobacco  and  beet.  It  is  usually  ob*. 
taincd  by  se|:arating  it  from  its  chloride  by  electrolysis.  It  Is  sil- 
ver-white in  color,  and  decomix>ses  water  at  ordinary  tempera- 
tures. It  is  the  lightest  of  the  solid  elements,  and  tloats  uj>on 
naphtha.  Sp.  gr.  0.589.  It  fuses  at  180°  C.  (356°  K.),  and  burns 
in  air  with  an  intense  red  light.  Its  salts  closely  resemble  those 
of  sodium. 

Lithium  Chloride  (LiCl)  crystallizes  at  ordinary  tem|jera- 
turts,  in  regular,  anhydrous  octahedra :  below  lo'^  C.  (50°  !•".), 
however,  with  two  molecules  of  water.  It  is  very  deliques- 
cent. 
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Lithium  Bromide  —  Lithii  Bromidum  (U.  S.  P.), 
(LiBrj^is  ol)tained  by  dccompu^itig  lithium  sulphate  with  potas- 
sium bromide;  or,  by  neutralizing  a  solution  of  hydrohromic 
acid  with  lilhiuin  carbonate.  It  crystal lizcs  in  deln|uescent 
needles.  Solnhle  in  o  6  part  of  water  at  i$°C.  (59°  l-'.)  and  0.3 
parts  of  boiling  water.     Very  soluble  in  alcohol  and  ether. 

Lithium  Oxide  (Li,Oj  is  a  svhite  solid,  fonned  by  burning 
lithium  in  lItv  oxygen.  It  slowly  dissolves  in  water,  forming  the 
hydroxide,  Li(-)H. 
'  Lithium  Carbonate— Lithii  Carbonas (U.S.  P.),  CLi.CO,) 
— is  obtained  by  I'usmg  a  native  silicate  called  lepido- 
lite,  with  barium  sulphate  and  carbonate,  ami  potassium  sulphate. 
It  is  then  extracted  with  water,  and  precipitated  with  sodium 
carbonate.  It  is  a  white,  odorless  powder,  of  a  strongly  alkaline 
taste,  soluble  in  80  parts  of  water  at  15"  C.  (59**  Kb  3'^'^  in  di- 
luted acids  with  copious  eiTervescence.  It  unites  readily  with  uric 
acid,  forming  a  soluble  lithium  urate.  It  is  said  that  250  parts  of 
lithium  carbonate,  at  a  temperatu;«e  of  38**  C.  (100.4°  F-J,  will 
dissolve  almost  1000  parts  of  uric  acid.  This  property  renders  it 
of  value  in  diminishing  the  deposit  of  uric  acid  formed  in  gout, 
and  in  dissolving  uric  acid  calculi. 

Lithii  Benzoas  (LiC.H/>,)  (U.  S.  P.)  is  a  light,  white  pow- 
der, having  a  faint  benzoin-like  odor,  and  a  sweetish  taste.  It  is 
soluble  in  4  parts  of  water  and  in  1 2  parts  of  alcohol.  Its  aqueous 
solution  has  a  faintly  acid  reaction  upon  litmus  paper. 

Lithium  Citrate  (LijCl^HjO,)  (U.  S.  P.)  is  a  white,  odorless, 
deliquescent  powder  readily  soluble  in  water,  almost  insoluble  in 
alcohol.  It  is  made  by  double  decomposition  between  Li,CO, 
and  citric  acid. 

3Li,CO,  +  3n,C,HA  =  aLi.C.n,0,  -f-  3CO,  +  3H,0. 

Lithium  Salicylate  (LiC.H^O,)  (U.  S.  P.)  is  made  by  double 
decomposition  between  lithium  carbonate  and  salicylic  acid. 

UjCO,  -f  jHCtHP,  =  2LiC,Hn04  -f  CO,  -f-  H,0. 

A  white,  deliquescent,  odorless  powder,  having  a  sweetish  taste. 
It  is  very  soluble  in  water  and  alcohol. 

SODIUM  (NatriumJ. 

Occurrence. — This  metal  occurs  widely  distributed.  t>elng 
found  in  sea  water  and  in  rock  salt,  as  the  chloride,  in  many 
native  silicates,  and  also  as  borax  and  gtauber  salt. 
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Preparation. — It  was  formerly  obtained  by  a  process -which 
depends  iiiKjn  the  reduction  of  the  carbonate  by  carbon.  An 
intimate  mixture  of  the  two  substances  was  prepared  by  charring 
the  tartrate  of  sodium  in  an  iron  retort.  The  (eini>erature  was 
then  raised  to  redness,  when  the  sodium  was  reduced,  distilled 
off,  and  condensed  in  flattened  receivers. 

N4,C0,  -^  C  —  Nb4  -f  3CO. 

It  is  also  manufactured  by  heating  sodium  hydroxide  to  about 
800°  C.  (1472°  F.)  witb  iron  carbide,  when  the  sodium  distils 
over  and  is  condensed. 

6NaOH  -H  FeC,  =  aNa^COj  +  Fe  -f  3H,  +  Na,. 

It  is  now  generally  prepared  by  the  electrolytic  decomposition 
of  fused  sodium  hydroxide,  according  to  the  following  reaction: 

2NaOII  -^  Na^-f.  H, -f  O,. 

Properties. — Sodium  is  a  soft,  silver-white  metal,  resembling 
potassium,  but  less  easily  oxidized.  On  exposnre  to  the  air  it 
becomes  slowly  coated  with  a  brownish-yellow  layer,  and  should 
be  kept  under  naphtha.  It  fuses  at  95.6"  C.  (204"  Rj,  and  vola- 
tilizes at  a  white  heat,  the  vapor  burning  with  a  bright  yellow 
flame.  Sp.  gr.  0.972.  It  is  characterized  by  its  alliujty  for 
oxygen,  decomposing  water  at  ordinary  lem[>eratures,  liberating 
hydrogen,  and  forming  sodium  hydroxide,  NaUH. 

N*3  -f  aH,0  =  2NaOH  -f  H,. 

Sodium  Chloride— Common  Salt — Sodii  Chloridum 

(U.  S.,  Br.),  (NaCl) — is  found  very  abundant  in  nature.  It  is 
deiwsiled,  in  the  solid  form,  as  rock  suit,  in  almost  all  parts  of 
the  globe;  in  solution,  it  is  found  in  all  natural  waters,  and  to 
the  extent  of  2.7  to  3.2  per  cent,  in  sea  water;  it  also  exists  in 
roost  animal  and  vegetables  tissues.  It  is  formed  in  a  great 
number  of  chemical  reactions.  Its  most  important  source  is  the 
de|X)sits  of  rock  salt,  from  which  it  is  mined :  it  is  also  obtained 
by  the  evaporation  of  sea  water  or  saline  spring  waters.  It  cr\'s- 
tallizes  from  water  in  translucent  cubes.  It  fuses  at  a  red  heat, 
and  volatilizes  at  a  while  heat.  Hat  water  dissolves  but  little 
more  than  cold:  too  [mrts  of  water  at  0°  C  (32°  K)  dissolve 
36  parts  of  the  salt,  and  at  100*'  C.  (212°  K. ),  39  parts.  A  satu- 
rated sohilion,  therefore,  contains  36  |ier  cent,  sodium  chloride. 
'I'he  ice  obtained  from  dihite  solutions  is  nearly  free  from  NaCI. 
Oti  account  of  a  slight  admixture  of  magnesium  salts,  most  s|K.'ci- 
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mens  of  common  salt  will  deliquesce:  the  perfectly  pure  salt, 
however,  is  not  hygroscopic. 

Sodium  Bromide  (Na  Hr)  (U.  S.  P.)  is  formed,  together 
with  soilinm  hyK)l>romite.  by  the  action  of  bromine  upon  a  cold 
sobiiion  of  soiUum  hydroxide.  The  hypobromite  is  converted 
into  bromate  upon  evaporating  the  solution  to  dryness. 

3Br,  -f  6NaOH  =  5N*  Br  -»-  NaBrO,  4-  sH^O. 

The  mixture  of  Na  Br  and  N.i  HrO^,  is  then  heated  with  char- 
coal, which  converts  the  Na  BrO,  into  Na  Br, 

5NaBr  +  N«  BrO,  +  3C  =  6Na  Br -f  3CO. 

It  crystallizes  in  anhydrous  cubes,  and  is  soluble  in  x.  13  parts  of 
water  at  20*^  C.  (68°  K),  and  in  0.5  at  100°  C.  (212°  F.).  It 
contain-^  77-67  j  er  cent,  of  bromine. 

Sodium  Iodide  (Nal)  (U,  S.  P.)  is  made  by  the  action  of 
iodine  u|>on  a  hot  solution  of  sodium  hydroxide. 

jl,  -f  6Nfl  OH  =  sNal  +  NalO,  +  jU^O. 

The  solution  is  eva[xjrated,  and  the  salts  are  then  heated  in 
contact  with  charcoal,  and  the  NalD^  reduced  to  Nal. 

SNal  -1^  NalO,  -f  3C  =  6NaI  -J-  3CO. 

It  crystallizes  in  cubes  without  water,  and  is  soluble  in  0.56 
part  of  water  at  20°  C.  (^68°  K),  and  in  0.32  at  100°  C.  (212° 
F,).      It  contains  84.66  per  cent,  of  iodine. 

Oxides. — Two  arc  described — Na^O,  and  Na,Oj.  The  first  of 
these  is  a  white  powder,  formed  by  the  oxid.ition  of  the  metal  in 
dry  air.  It  is  very  deliquescent,  soon  liquefying  in  air.  i  he 
peroxide,  Na^O,.  is  a  grayish  wliite  ma^,  obtained  by  burning 
sodium  in  a  current  of  oxygen.  They  both  unite  with  water 
with  great  energy. 

Sodium  peroxide  has  recently  come  into  use  as  a  bleaching 
and  oxidi/.ing  agent.  It  contains  about  20  j>er  cent,  of  available 
oxygen.  When  thrown  into  water  sodium  hydroxide  and  oxygen 
are  produced. 

2N«,0,  -f-  aH,0  =-  4NaOH  -f-  O,. 

When  thrown  into  a  solution  of  a  dilute  acid,  hydrogen  dioxide 
is  produced. 

Na,0,  -f  allCl  =  2N0CI   f  H,Oy 

It  is  employed  as  an  oxidizing  agent  in  the  laborator)-,  and 
occasionally,  in  acid  solutions,  as  a  disinfectant. 
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Sodium  Hydroxide — Sodium  Hydrate —Caustic  Soda 
— Soda  (  U.  S  P.)  (NaOHj — is  u-iually  obtained  by  boiliag  a 
solution  of  sodium  carbonate  with  calciam  hydroxide. 

NttjCO,  -1-  Ca{OH),  =  CaCO,  -f  2NaOH. 

The  resulting  solution,  after  filtering,  is  evaporated  to  dryness, 
dissolved  in  alcohol,  again  evaporated,  fusej  in  a  silver  vt*sael, 
and  cast  into  sticks.  This  [iroduct  is  usually  labeled  caustic 
soda,  by  alcohol.  It  is  a  white,  o|}aque,  brittle,  crystalline 
mass,  or  in  dry  white  pencils,  fusing  below  redness:  sp.  gr.  coo. 
It  dissolves  readily  in  water,  the  solution  being  known  as  soda 
lye  in  the  arta,  and  in  pharmacy  as  liquor  sodse  (sp.  gr.  of 
latter  1.059).  '^^*-'*  solution  attacks  glass;  hence,  the  necks 
and  stopper  of  boules  containing  it  should  be  coated  with 
paraffi:!.  When  exposed  in  the  air,  sodium  hydroxide  attracts 
water  and  carbon  dioxide,  liquefies,  and  is  converted  into  the 
carbonate. 

Sodium  Sulphate— Neutral  Sodium  Sulphate— Glau- 
bers Salt— Sodii  Sulphas  (U.  S.  P.)— Sodse  Sulphas 
(Br.)  (N'a^SOj.  loR/)) — occurs  native  in  deposits ;  also  in 
solution  in  mineral  waters.  It  is  a  by-product  in  the  manufac- 
ture of  sodium  chloride  from  sea  water  and  brine,  and  in  several 
manufacturing  industries.  It  is  prepared  by  the  decomjxwition 
of  common  salt  with  sulphuric  acid. 

aNaCl  -r  H^SO^  ==  Na^SO,  +.  2HCI. 

Sodium  sulphate  crystallizes,  at  ordinary  temperatures,  with 
ten  molecules  of  water,  in  large,  colorless,  monoclinic  prisms, 
which  effloresce  in  the  air,  losing  all  of  their  water.  If  heated 
to  33^  C.  (91.4^  K.)  they  liquefy  in  their  own  water  of  crystalli- 
zation, and  at  higher  temj^ratures  Ijecomeanhydrous.  At  12°  C. 
crystals  may  be  obtained  having  the  formula  Na,S0j.7Hj,0. 

Tlic  following  curiou-s  action  of  the  solution  of  Glauber's  salt  may  also  be 
noticed.  Ifllic  soluiion,  fcaliirnted  at  33°  C.  lyl  4°  K),  be  cooled  down  to  the 
ordin.Try  tcmiHraturc,  and  even  far  Lclnw,  no  separation  of  crystals  occurs, 
eltliough  tlie  sail  is  vcty  much  lens  solut^lc  at  lower  temperatures  than  at 
33**  ^'  (91  4°  I*-)'  ^  1"*  fumiation  of  a  auperaatu rated  solution  m  citiiuii  m 
10  many  saltA,  (huugh  not  to  so  niarkcii  a  drgrce  as  in  iht*  cxsc  of  Olauher's 
salt.  This  5Uf>crsalu rated  solution  may  be  agitated,  iind  stiti  no  crystals  form. 
Itui,  if  it  be  ijcnily  touched  with  n  ^-lass  rod  or  some  other  solid  body,  the  entire 
ma^i  will  .It  iincc  bcrofnc  crvslalli/ed. 

Hydrogen-Sodium  Sulphate — Acid  Sodium  Sulphate 
— Sodium  Bisulphate  (^NaHSO,)— is  obtained  by  the  action 
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of  an  excess  of  sulphuric  acid  upon  sodium  sulphate,  or  sodium 
chloride. 

NaCI  +  HjSOj  =  NaliSO^  +  Ha. 

It  cr)'stallizes  in  long,  four-sided  prisms.  It  fuses  readily,  and 
at  higher  temi)eratures,  loses  water  and  is  converted  into  the 
pyrosulphate,  Na^SjO,.  It  Ls  very  soluble  in  water,  giving  an  acid 
solution. 

Sodium  Thiosulphatc— Sodium  Hyposulphite  (Na,S,- 
Oj-sHjO^ — is  preiKired  by  boiling  the  sulphite  with  sulphur. 

No^O,  4.S  =  Na,S,0,. 

Sodium  hyposulphite  forms  large  monoclinic  prisms,  which 
contain  5  molecules  of  water,  and  is  slightly  deliquescent  in  the 
air.  It  is  used  as  a  reducmg  agent,  decolorizing  an  iodine  solu- 
tion with  the  formation  of  sulphuric  acid  and  sodium  iodide. 

The  Sulphite— Sodii  Sulphis  (U.  S.  P.)  (Na,S0,.7H,0)— 
is  pre|)arcd  by  saturating  one-half  of  a  solution  of  Na^CO,  with 
sulphurous  oxide  and  adding  the  other  half.  The  SO,  converts 
the  carbonate  into  the  hydrogen  sodiiun  sulphite,  UNaSO^. 

Na,CO,  \   11,0   1    2S0,=  aNaHSOj   |   CO^ 

This  salt  reacts  with  sodium  carbonate  to  produce  the  sulphite. 

aHNaSOj  +  N14CO,  =  2NJ4SO,  +  H,0  +  CO^ 

Sodium  Bisulphite— Sodii  Bisulphis  (U.  S.  P.)  (HNa- 
SOa) — is  ofiicial.  It  is  uiide  by  ixissing  iSO;  into  a  solution  of 
sodium  carbonate,  evaporating  and  crystallizing. 

Sodium  Carbonate — Soda — Neutral  Carbonate  of 
Soda —Sal  Soda— Washing  Soda— Sodii  Carbonas  (U. 
S.  P.)— Sodac  Carbonas  {H.  P.)  (Na^CO^-ioH^Oj— is  the 
most  im|:»orlani  of  tlie  sodium  comix>unds,  for  industrial  purfjoses. 
It  occurs  abundantly  in  nature,  in  the  so-called  soditmi  seas  (in 
Egypt,  and  the  Caspian  Soa),  and  is  contained  in  the  ashes  of 
many  sea  plants,  chiefly  the  algte.  The  principal  supply  is 
sodium  chloride,  from  which  it  is  manufactured  according  to  a 
method  devised  by  LcbLmc  in  1808.  Hy  this  method  the  sodium 
chloride  is  first  convertCil  into  the  sulphate  by  warming  with 
sulphuric  acid.  This  part  of  the  process  is  called  the  salt  cake 
process.  The  sidphate,  when  dried,  is  mixed  with  charcoal  and 
calcium  carbonate,  and  strongly  licatcd.  Two  reactions  take 
place  during  this  process:  First,  the  carbon  reduces  the  sodium 
sulphate  to  sulphide. 
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Na,SO^  -f-  C,  =  NojS  +  2CO,. 

Second,  the  sodium  sulphide  and  calcium  carbonate  react  to 
form  calcium  sulphide  and  sodium  carbonate.  This  is  known  as 
the  soda  ash  process. 

Na^S  -f-  CaCO,  =  CaS  -|-  Na,CO,. 

The  high  temperature  also  converts  a  portion  of  the  calcium 
carhunate  into  ralcium  oxide  and  carbon  dioxide.  The  pro^lucts 
of  this  fusion,  known  as  black  ball  soda,  are,  therefore  sodium 
carbonate,  calcium  sulphide,  and  calcium  oxide.  The  black  ball 
is  broken  up  and  lixiviated  with  hot  water,  which  dissolves  out 
(he  sodium  carlxjnate ;  this  solution  is  evaporated,  and  crude 
soda  ash,  or  soda  of  commerce,  results. 

Ut  late  years  another  process,  known  as  Solvay's,  or  the  am- 
monia method,  haa  largely  replaced  that  of  Leblanc.  In  this 
process,  a  strong  solution  of  sodium  chloride  is  treated  at  the 
same  time  with  ammonia  gas  aud  carbon  dioxide. 

NkCl  -h  NH,  -I-  CO,  -f.  H,0  =  NaHCO,  +  NH.Cl, 

forming  the  sparingly  soluble  sodium  bicarbonate  and  the  freely 
soluble  ammonium  chloride.  The  sodium  bicarbonate  is  then 
converted  into  the  carbonate  by  hear.  The  carbonate  is  also 
largely  made  by  the  Cryolite  Process,  Cryolite  is  a  mineral 
found  in  great  abundance  in  Greenland.  It  is  a  double  fluoride  of 
aluminum  and  sodium  (NaF\.  Al^F^. 

Tliis  is  heated  with  lime  ((.'aO),  which  decomposes  it,  forming 
calcium  fluoride  and  aluminaie  of  sodium. 

(NaF),.  AI,K,  -f-  6CaO  =  6CaFj  +  (NagOjj.  AljOj. 

The  acuminate  of  sodium  is  then  dissolved  out  with  water,  and 
carbon  dioxide  passed  through  the  solution. 

(NsO),.  Al,0,  +  3H,0  +  3CO,  =  3NSCO,  +  AI,(OH).. 

The  AI>j(OH),  is  precipitated,  and  the  sodium  carbonate  is 
crystallized  out  of  the  solution. 

At  ordinary  temperatures,  sodium  carbonate  crystallizes  in 
large  rhombic  crystals  containing  10  molecules  of  water,  which 
effloresce  in  dry  air.  It  is  soluble  in  water  most  freely  at  38°  C. 
(100.4*'  F.).  Its  solutions  have  an  alkaline  reaction.  When  the 
crystals  are  calcined  at  a  dull  red  heat,  they  disintegrate,  give  oiT 
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their  water  of  crystallizaiion.  and  form  a  white  powder,  the  sodii 
carbonas  exsiccata  of  the  V.  S.  P.  loo  pans  of  H/)  dis- 
solve ID  parts  of  this  anhydrous  carbonate  at  o'*  C.  (32*  F.),and 
13H  pans  at  38°  C.  (100.4°  ^'•)- 

Hydrogen  Sodium  Carbonate —Acid  Sodium  Car- 
bonate— Sodium  Bicarbonate  — Sodii  Bicarbonas  {IL 
S.  ?.)— Sodse  Bicarbonas  (Ur.  ?.),  (NaHCO,)— is  found  in 
many  mineral  waters.  It  is  produced  by  the  ammonia  process 
described  above,  and  by  the  action  of  carbon  dioxide  upon 
sodium  carbonate, 

NftjCO,  +CO,  4-  H,0  ==  2NaIIC0,. 

It  forms  small,  rectangular  prisms,  which  are  anhydrous,  but  dis- 
solve in  ten  or  eleven  parts  of  water.  Its  solutions  are  nearly 
neutral  to  test  pa[>er.  By  heating  the  solid,  or  boiling  its  solu- 
tions, it  gives  off  carbon  dioxide  and  is  convtrtcd  into  the  car- 
bonate. 

Sodium  Phosphates. — These  are  three  in  number.  They 
are  less  soluble  and  cry.stalliic  more  easily  than  the  (xjtassium  salts 
of  phosphoric  acid. 

'llie  tri-sodinm  phos]^hate,  or  basic  phosphate  (Na^PO^.- 
I  aH./>),  is  made  by  saturating  1  molecule  of  phosphoric  acid  with 
3  molecules  of  sodium  hydroxide.  It  cry^talliies  in  six-sided 
prisms  with  12H3O,  and  issoluble  in  5.1  parts  of  water  at  15.5**  C. 
(59,9°  K.).     Its  solution  is  alkaline  to  test  |japcr. 

Hydrogen  Disodium  Phosphate  —  Disodium  Phos- 
phate— Neutral  Sodium  Phosphate— Sodii  Phosphas 
(U.S.  P.)— Sodac  Phosphas  (Mr.  1'.),  (.Na,HP0,.i2H,0)— 
is  more  stable  than  the  other  phosphates,  and  is  the  one  generally 
employed  in  medicine  and  in  laboratories.  It  may  be  prepared 
by  treating  phosphoric  acid  with  sodium  hydroxide  to  feeble 
alkaline  reaction.  Below  30**  C.  (86°  F.)  it  crystallizes  in  large, 
rhombic  prisms,  with  12  acp  :  at  33°  C.  (91.4°  F.)  it  crystallizes 
with  7  aq.  'I'hc  salt  with  12  aq.  efiloresces  in  air.  losing  5  aq.  ; 
that  with  7  a(i.  docs  not.  Both  are  freely  soluble  in  water,  and 
show  a  faintly  alkaline  reaction, 

Monosodium  Phosphate— Acid  Sodium  Phosphate 
(NaH,PO,.H,U)— cryst^iUi/es  in  rhombic  prisms  with  i  uuilucule 
of  water,  and  is  acid  in  reaction.  At  loo^C  (212°  F.)  it  loses 
its  water  of  crystallizaiion.  and  at  about  250**  C.  (482°  F.)  forms 
sodium  pyrophosphate— sodii  pyrophosphas  (U.  S.  P.), 
(iNaJ\t>,  ioH/>j.  It  occurs  as  culorlesy,  translucent  prisms, 
permanent  in  the  air,  and  having  a  slightly  alkaline  reaction. 
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It  i.s  soluble  in  12  i>arts  of  water,  and  insoltjble  in  alcohol. 
When  this  salt  is  heated  to  a  bright  red  heat  the  metaphos- 
phatc  (N'aI'Dj)  is  formed. 

Sodium  Nitrate -Chili  Saltpetre— Sodii  Nitras  (U.  S. 
P.),  ^NaNUj)— is  lound  naiive  in  extensive  dei)osits  in  Peru.  It 
crystallizes  in  rhombohcJra,  which  closely  rcseniblc  cul>es ; 
hence,  it  i.s  called  cubic  saltpetre.  It  is  deliquescent,  and  is, 
therefore,  not  adapted  for  the  manufacture  of  gunpowder.  Ft  has 
a  cooling,  saline,  somewhat  bitter  taste.  It  is  more  readily 
soluble  in  water  than  potassium  nitrate,  which,  in  other  res|;ects, 
it  quite  closely  re>erable3.  It  is  used  in  the  manufacture  of  nitric 
acid,  and  also  as  a  fertilizer. 

Sodium  Borates. — Six  are  known.  The  only  one  of  im- 
portance is  the  Disodium  Tetraborate — Sodium  Pyrobo- 
rate— Borax— Tincal— Sodii  Boras  (U.  S.  P.).  (NajB.O,- 
.loH^O) — which  is  found  native  in  some  of  the  lakes  of  Thibet, 
from  which  country  it  was  formerly  imported.  The  principal 
source  now  ii  the  borax  lake  in  California, 

It  may  be  prepared  artificially  by  boiling  boric  acid  with  sodium 
carbonate.  liaric  acid  is  found  in  the  lagoons  of  Tuscany. 
This  is  the  present  source.  Rorax  crystallizes  in  large,  hexngonal 
])risnis,  with  10  molecules  of  H.O,  or  in  regular  octahedra  with 
5H,().  The  former  variety  emoresccs  in  dry  air  ;  the  latter  is 
I)ermanent,  iJoth  dissolve  in  16  [jarts  of  cold,  and  0.5  jjart  of 
boiling  water,  forming  a  solution  tliat  has  a  feebly  alkaline  reac- 
tion. Upon  heating,  both  salts  puff  up  considcnbly,  lose  their 
water,  and  form  a  white,  porous  mass  (burned  borax),  which 
finally  fuses  to  a  transparent  glas.^.  In  the  fused  state,  it  will  dis- 
solve many  metallic  oxides,  forming  clear  glisses,  which  often 
show  a  characteristic  color  on  cooling ;  thus,  copjxT  oxide  gives 
a  blue,  and  chromic  oxide  an  emerald  green  glass.  Borax  is 
used  in  this  way  as  a  blowpipe  test  for  certain  metals. 

It  is  this  property  of  dissolving  oxides  of  the  metals  that  ren- 
ders l>orax  useful  in  welding  and  soldering  metals.  In  these 
operations  it  is  used  to  remove  the  oxide,  or  rust,  from  the  sur- 
faces of  the  metals  to  he  united. 

Sodium  Hypochlorite  (NaClO). — An  a«pieous  solution  of 
this  silt  is  known  as  Liq.  Sodac  Chloratae  (LI.  S.  P.),  (Br.)— 
Labarraque's  solution.  It  may  be  prepared  by  decomi>os- 
iiiga  solution  of  chlorinated  lime  with  sodium  carbonate. 

CaOjCI,  +  CaCl,  -f  2Na,CO,  =  aNiCI  -f  2NaClO  +  2CaCO,. 
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"Tfic  solution  contains  sodium  hypochlorite,  sodium   chloride 
aUil  bodium  i;arlK>nate. 

Tu  make  a  litre  of  the  solution,  75  grms.  of  chlorinated  lime 
is  triturated  well  with  about  400  c.  c.  of  water,  the  solution 
filtered,  and  the  residue  washerl  with  100  c.  c.  of  cold  water.  To 
this  solution  is  ttien  added  a  solution  of  150  gnus,  of  sodium 
carbonate  in  joo  c.  c.  of  hot  water.  The  turbid  mixture  nviy 
then  be  filtered,  or  set  aside  to  allow  the  CaCO,  to  settle,  and 
the  clear  supernatent  liquid  decanted  oflT.  Tiie  solution  should 
be  kept  in  well-iiloppered  bottles,  and  protected  from  the  light  to 
prevent  too  rapid  deterioration.  It  should  contain  2.6  per  cent, 
by  weight  of  available  chlorine.  It  yields  up  its  chlorine  readily, 
thus  artin^^as  an  efficient  disinfeciini^  and  deodorizing  agent. 

Sodium  Chlorate— Sodii Chloras  (U.  S.  P.).  (NaCiO,)  — 
may  be  made  by  a  double  decom]>osiiion  between  KCK),  and 
sodinni  bit  riratc,  NaHC,H^O,,  forming  cr^'am  of  tartar,  KHQ- 
H.O.,  and  NaCIO,. 

Sodii  Benzoas  ( U.  S.  P.),  CNaCjH/),)— is  made  by  adding 
benzoic  acid  to  a  solution  of  sodium  bicarbonate^  as  long  as  effer- 
vcbccnce  continues. 

HC-MjQ,  +  NaHCO,  «=  NoCjiljO,  -|-  CO,  +  H,0. 

It  is  a  white  powder,  having  a  very  faint,  benzoin-like  odor,  and 
a  sA-e.'t  astringent  taste.     It  is  us?d  a-i  an  antifermentative  a^ent. 

Sodii  Arscnas  (U.  S.  P.).  (Na.HAsO,  ^-  7H/).)— is  made 
by  heating  to  fusion  arsenous  acid,  with  exsiccated  sodium 
carbonate  and  sodium  nitrate.  Pyroirsenate  of  sodium  is  formed, 
which  is  converted  into  sodium  arsenate  when  dissolved  in 
water. 

Sodii  Sulphocarbolas  (U.  S.  P.).  rNdSO.C.H.OH).— When 
crystaiii/ed  carbolic  acid  is  dissolved  in  strong  sulphuric  ;icid, 
sulphocarbolic  acid  is  formed.  When  this  is  treated  with  barium 
carbonate,  sulphocarbolate  of  barium  is  formed  in  solution.  If 
this  solution  is  now  treated  with  sodium  sjlphatc,  a  precijiilate 
of  barium  sulphate  will  form  and  sulphocarbolate  of  sodium  may 
be  crystallized  out  from  th;:  solution. 

Sodii  Acetas  (V  S.  P.).  {NaC,H,0,  -f  3H/)),  may  be  made 
by  neutrjli/iug  acetic  acid  with  bicarbonate  of  sodium. 

NaHCO,  -f  HC,H,0,  =  K»C,H,0,  +  CO,  +  ll,0. 

Physiological  EEfects  of  the  Sodium  and  Potassium 
Compounds. —  The  action  of  the  halo^eu  salts  o('  the>c  metals 
ii  generally  that  of  the  combined  chlorine,  bromine,  or  iodine. 
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parts  at  o°  C.  (32**  F.),  and  0.2738  part  more  for  every  degree 

of  increaKc  of  temj.erattire. 

Potassium  Bromide — Potassii  Bromidum  (U.  S.  P., 
Br.),  (Kbr) — is  gi;neraily  obtained  by  dissolving  bromine  in  a 
soluiion  of  potassium  hydroxide ;  the  bromate  also  produced  in 
the  reaction  is  converted  into  bromide  by  calcining  the  product 
with  charcoal, 

jBr,  -i-  6KOH  =  sKBr  4.  KBrO,  -f  3H,0. 
5k  Br  -f  KBrO,  -f-  C,  =  6KBr  -f  jO). 

It  may  also  be  prepared  by  acting  upon  ferrous  bromide  with 
potassium  carbonate. 

FeBr,  +  K,COj  =  FeCO,  +  alCBr. 

It  has  the  i^enera]  projlerties  of  the  oth&r  haloid  salts,  and  istised 
in  phutography  and  in  medicine. 

Potassium  Iodide — Potassii  lodidum  (U.  S.  ?.,  Br.), 
(Ki; — may  be  prt;pareiJ,  like  the  jkreccding,  by  nsing  iodine 
instead  of  bromine,  or  by  UNJng  ferrous  iodide  instead  of  bromide. 
It  crysialli/cs  in  large,  white,  translucent  cubes,  salty  in  taste  and 
I>ermanenl  in  the  air.  It  dissolves  to  the  extent  of  100  parts  in 
73.5  parts  of  water  at  ordinary  tem|?eratures.  Its  aqueous  solution 
dissolves  iodine  in  large  quantities,  forming  the  compound 
solution  of  iodine  (U.  S.  P.).  It  a^o  dissolves  many  metallic 
iodides  to  form  double  iodides.  Its  medicinal  efTects  are  those 
of  iodine.  When  employed  in  chronic  jxiisoning  by  lead  or 
mercury,  it  is  supjKjsed  to  unite  with  the  metals  in  the  blood  or 
tissues  to  form  soluble  iodides,  and  thus  pass  them  out  by  the 
urine.  There  is  an  ointment  of  KI  offiLial,  containing  13  ixrr 
cent,   of  KI. 

Potassium  Fluoride  (KF) — Its  aqueous  solution  attacks 
glass,      is  not  of  much  imjiurtance  to  the  medical  student. 

Potassium  Cyanide — Potassii  Cyanidum  (U.  S.  P.), 
(KCN) — may  be  obtained  cither  by  saturating  potassium  hydroxide 
with  hydrocyanic  acirl,  or  by  heating  jioiassinm  ferrocyanide.  It 
is  a  white,  amorphous,  deliquescent  mass,  easily  fusible,  and 
smelb'ng  of  cyanogen.  Its  solution  is  very  jwisonous.  Its  effects 
upon  the  economy  are  uncertain,  but  are  probably  those  of  hydro- 
cyanic acid.  Jn  case  of  poisoning  by  it,  the  stomach  should  be 
evacuated  and  the  antidotes  of  hydrocyanic  acid  given. 

Ferrocyanide  and  Ferric) anide — see  paue  216. 

Potassium  with  Oxygen — Potassium  Oxide  (K^O)  — 
results  from  the  direct  oxidation  of  potassium,  by  simply  exjxising 
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thin  strips  of  the  metal  to  dry  air,  or  by  the  action  of  potassium 
upon  the  hydroxide. 

2KOU  +  K,  =  2K,0  +  H,. 

Ic  is  a  white,  deliquescent*  caustic  powder,  uniting  readily  with 
water  to  form  the  hydroxide. 

Potassium  Hydroxide — Potassium  Hydrate— ^Caustic 
Potash — Polassa  (U.  S.  TJ,  Potassa  Caustica  (Ur.), 
(KOH) — is  prei>ared  by  the  reaction  ol  potassium  carbonate 
u]K>n  calcium  hydroxide  (slaked  lime). 

K,CO,  4-  Ca(OH),  =3  QiCO,  +  aKOH. 

After  these  substances  Iiave  been  boiled  together,  the  solution 
is  allowed  to  settle.  Tlie  tiear  liquid  is  then  poiired  off,  evapo- 
rated, and  the  residue  fused  in  a  silver  dish.  The  fused  mass  is 
then  cast  into  sticks,  'i'his  is  called  potash  by  lime,  und  is 
not  pure.  To  render  it  purer,  it  is  dissolved  in  alcohol,  the  solu- 
tion evaporated  to  dryness,  the  residue  agam  melted  and  cast  in 
silver  moulds.  This  product  is  potash  by  alcohol,  and  is  free 
from  the  chloride  and  other  potassium  salts.  It  is  a  white,  opaque, 
brittle  solid,  usually  met  with  in  the  form  of  cylindrical  sticks, 
but  sometimes  in  lumps,  h  has  a  specific  gravity  of  2.1.  It 
fuses  quite  easily,  and,"  at  high  temperatures,  volatilizes  unde- 
com|X>sed.  It  is  freely  soluble  in  water ;  less  so  in  alcohol.  The 
solutions  have  a  marked  alkaline  reaction,  sa]>onify  fats,  and  are 
strongly  caustic.  Exposed  to  the  air,  it  absorbs  waicrand  carbon 
dioxide,  and  is  changed  into  the  carbonate.  In  watery  solution 
it  is  largely  used  as  a  reagent  in  chemical  analysis.  It  di^ssolves 
chlorine,  bromine,  iodine,  sulphur  and  phosphorus.  It  dccom- 
l^>oscs  the  ammoniacal  salts,  liberating  anirnunia;  it  also  decom- 
poses the  salts  of  many  of  the  metals,  with  the  furmation  of  a 
potassium  salt  and  a  hydroxide  or  oxide  of  the  metal. 

Potassa  cum  Calse  (U.  S.  I'.)  is  made  by  rubbing  together, 
in  an  iron  mortar,  lime  and  jwtassa  so  as  to  form  a  i>owder.  It  is 
to  l>e  ke|»t  in  a  well -stoppered  bottle. 

Liquor  Potassae  is  a  5  per  cent,  aqueous  solution  of  i)0tas- 
siuin  hydroxide. 

Potassium  Chlorate — Potassii  Chloras  ( U.  S.  1*. j, 
(KCIO;,). — When  a  hot,  concentrated  solution  of  potassium 
hydroxide  is  treated  with  chlorine  gas,  the  following  reaction 
occurs : — 

6KOH  -h  iCIj  =  SKO  +  KCIO,  -|-  jU^O. 
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deliquescent  ]>owder,  freely  soluble  in  water,  the  solution  having 
a  catisiic  la^ie  and  an  alkaline  reactioii. 

Potassium  carbonate  is  largely  made,  from  the  native  chloride, 
by  the  Leblanc  process.  A  very  pure  potassium  carbonate  is 
made  from  argols  (impure  bitartrate  of  potassium)  by  calcina- 
tion. 

2KHC,H.O,  -I-  50,  =  K,CO,  +  7CO,  +  5H,(J. 

Potassium  ^Bicarbonate— Hydropotassium  Carbon- 
ate—  Potassii  Bicarbonas  (U.  S.  T.j  —  Potassae  Bicar- 
bonas  (Br.),  (KHCUj.  When  carbon  dijxide  is  passed 
through  a  concentrated  solution  of  potassium  carbonate,  it  is 
abM>rbc'd  and  jx}tassium  bicarbonate  is  produced. 

KjCU^  -j-  Il/j  -h  Co,  --  2K.IIC0,. 

This  salt  crystallizes  in  oblique,  rhombic  prisms,  of  the  mono- 
clinic  system.  It  dissi^lves  in  3  to  4  {jarts  of  water  :  the  solution 
is  faintly  alkaline,  but  not  caustic.  The  substance  that  is  still 
cxtcn:»ivcly  used  in  some  i>arLs  of  the  country  in  baking,  under 
the  na:ne  of  saleratus,  is  this,  or  the  corresponding  sodmm 
salt.  It  "raises"  the  bread  by  the  action  of  heat  in  setting  free 
the  carbon  dioxide,  and  leaving  polx-isium  (or  sodium)  carbonate, 
which,  by  its  strongly  alkaline  reaction,  may  cause  digestive  dis- 
turbances. 

Sulphides. — Five  are  known :  K^S,  K,S^,  K,S,,  K^S,,  and 
K^S^;  also  a  sulphydrate,  KSH.  The  latter  is  prepared  by  the 
action  of  hydrogen  sulphide  upon  [HJia^smm  hydroxide. 

KOH  -i-  H,S  ^  KSH  +  11,0. 

The  Pentasulphide— Liver  of  Sulphur— Potassa  Sul- 
phurata  i  U.  S.  1'.)— Potassa  Sulphureta  iBr.),  (K.,.S^( — is 
obtained  by  fusing  potassiimi  carbonate  with  an  excess  of  sulphur. 
It  decomposes  readily,  and  treated  with  hydrochloric  acid  it 
gives  olT  hydrogen  siiliiliiJ'^. 

Potassium  Sulphate— Dipotassium  Sulphate — Po- 
tassii Sulphas  (U.  S.  P.)— Potassae  Sulphas  (ilr.),  (K,SO,) 
— is  fuuud  in  the  Stassfurth  minc>,  in  plant  ashes,  and  in  solution 
in  mineral  waters.  It  is  obtained  by  the  action  of  sulphuric  acid 
u|>on  potassium  chloride,  as  a  by-product  in  some  chemical  manu- 
facturing processes. 

2KCI  -1^  H,SOj=  K,SO^  f  2HCI. 

It  crystallizes  without  water,  in  small,  rhombic  prisms,  of  a  bitter, 
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^^    salty  lastc,  and  is  soluble  in  lo  parts  of  water  at  ordinary  tem- 

I  i>eralurcs. 

I  Hydropotassium     Sulphate  —  Monopotassium    Sul- 

[  phate— Acid  Potassium  Sulphate  (RIISO^) — is  formed  as 

a  by-producl  in  the  niamifacture  of  nitric  acid  irom  potassium 
nitrate;  crystallizes  in  Urge,  rhombic  tibles,  and  is  very  readily 
soluble  in  water.  At  about  200**  C.  (392^  I'*-)  it  fuses,  loses 
water,  and  is  converted  into  the  pyrosulphalc  (Js^Sfij), 

Sulphites. — Three  are  known:  K^SO^i,  KHSO,,  and  K,S.O^.  Poiasaium 
Sulphite — Neutral  Potassium  Sulphite —Potassium  Sulphis  (K,SO«). — 
This  iilt  crystnlli/cs  in  nhliqiic  rliomlrtc  octnlieiira,  which  cliisolve  readily  in 
water,  and  have  a  sulphurous  u  lor.  When  in  sulutiun^  if  L-xpo5ed  to  the  air,  it 
abs  >rl>s  oxygen,  aiicl  is  converttd  into  the  sulphate. 

Potassium  Acetate — Potassii  Acctas  [V.  S.  P.) — Potassie  Acetas 
(Br.),tKC,HjO,)  -exioUs  in  the  juices  of  plams.  It  is  obtained  by  neulralinng 
acetic  acid  with  putassiuin  carbonutc  or  bicarbonate.  It  cijsUlli/e^  in  tinning 
needles,  i>  deli'jucscent,  and  very  soluble  in  water. 

Oxalates. —  Three  are  known  to  exist:  Potassium  Oxalate --Neutral 
Oxalate  (K,C/>,  -|-  A-i),  formed  by  saluralinK  oxalic  acid  with  jxtlauiium 
carbonate.  Hydropotassium  Oxalate  —  Monopotassium  Oxalate  — 
Binoxalate  of  Potash  (iKUCjO^).  Potassium  Quadroxa  ate  (KllC,Oj- 
CyjJI,  +  I  Arj.).  A  uiixtme  of  llie>e  iwu  sails  is  known  as  salt  of  lemon. 
or  salt  of  sorrel,  anil  is  used  for  bleaching  straw  and  to  remove  ink  stains 
In  appearance  it  clo-^ly  resembles  Epsom  salt,  and  has  caused  many  coses  of 
oxalic  acid  poisoning,  being  taken  by  mi!itake  for  that  salt. 

Tartrates.— Potassium  Tartrate— Soluble  Tartar— Neutral  Tartrate 
of  Potash —Potassie  Tartras  (Ur),  (K,C,H,<\i — is  a  white,  crystalline 
powder,  very  solnblr  in  water ;  soluble  in  240  jwirts  of  alcohol,  Hydropotas- 
sium Tartrate —Cream  of  Tartar— Potassii  Bitartras  (U.S.P.).  Potassae 
Bitartras  (Br.),  (KHC|H|0,).  A  bruwn-red,  crystalline  crust  is  obtained 
from  the  bottom  and  side^  of  wine  casks  after  frmirntation  has  taken  place. 
This  is  known  in  commerce  as  argol,  or  crude  tartar,  and  is  composed  in 
great  part  uf  ^iotav»ium  bitortralc,  with  tartrate  of  lime  and  coloring  matter. 

The  ai^ol  i*  boiled  with  water,  or  heater!  in  a  closed  digester  by  su|>crhcatcd 
steam.  The  latter  process  renders  tlie  calcium  tartrate  insoluble  and  seimratcs 
it  almo&i  completely  from  the  cream  of  tartar,  which  goeii  into  solution.  'I'be 
solution  thus  obtained  is  allowed  to  cool  and  cr)'Stallize:  the  crystals  are  rcdis- 
ftolved  in  hot  water,  treated  with  animal  charcoal,  to  remove  coloring  matters, 
filtered,  and  agam  crystallized.  The  product  of  this  process  is  almost  chemi- 
cally pure  actd  potassium  tartrate. 

[l  crystallizes  in  hard,  opaque,  rhombic  prisms,  very  sparingly  soluble  in 
water,  still  lei»  so  in  alcohol.  Iti  solution  is  acid  lo  the  taste,  and  to  litmus 
paper.  It  is  lai^ely  used  in  baking,  combined  with  sodium  bicarbonate,  the 
two  substances  reading  upon  cnch  uilier  Uj  fmni  Rochellc  sah,  with  the  liberu- 
lion  of  carbon  dioxide.  Baking  powders  are  extensively  used  ot  present, 
instead  of  yeast,  fur  raising  cake,  biscuits,  etc.  In  all  of  them  the  action 
depends  upon  the  decuni[K><«ition  of  sodium  bicartmnate  by  some  salt  having  an 
acid  reaction  or  by  a  weak  acid. 

In  addition  to  the  bicarbonate,  and  the  starch  added  to  preserve  them*  many 
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of  them  contain  either  UrUric  acid,  alum,  or  acid  phosphate  of  calcium,  instead 
of  cream  of  tartar. 

Some  of  the  reactions  that  take  place  to  set  free  the  carbon 
dioxide  are  the  following  :  — 

I.   KHC\II,0,  I    NaHCO.,  —  NnKC,H  O,  -f-  H,0  -f-  CO,. 

Pota&sutin  Soviium  Sotlio-poUulum       Waur.      Cnrboa 

Uiutruttte.  RicArboaxte.  Tartrate.  DloKide. 

2,  AI,(SO(),.K,SO,  -H  eNallCOj  ==  K,SO,  -f-  jNti,SO,  4- 
AiuBiiiium  potaftuum  Sodium  Potassium  Sxiitim 

Alum.  Bicarbonate.       Sulphate.  Sulphate. 

AI,H,0,  4-  6Cf  V 
Aluminum  Carbon 
HydroxUIc.     Dioxi<le. 

3.    CaH,(POt),  4-  aNailCOa  =  CaHTO,  -f  Na.HPO,  + 

Cuk'ium  iiodium  Hydro-cilcium  Sodium 

UipkQ«|)hate.  Uiciirbonate.         Phoi.ph4LLe.  Pltukphue;. 

2H,0  -f  2CO,. 
Wmer.        Carbon 
Dioxide. 

A  good  powder  majr  be  made  by  intimatelv  mixing  two  parts  of  cream  of 
tartar  with  one  of  sodium  bicarlxirmte,  and  adding  a  tittle  flour  or  starch. 

Sodium  Potassium  Tartrate~-Rochellc  Salt — Potassii  et  Sodii  Tar- 
tras  (U.S.  F.),  (NaKC.  II^Uj.  4H,U), — is  prepared  by  bciiliiiy  acid  poliissium 
tartrate  with  sodium  carbonate. 

aKHC.H.O,  +  Na^COj  =  2KNaC,!r,Oa  +  CO,  -\-  H,0. 

It  forms  large,  transparent,  prismatic,  slightly  efflorescent  crystals,  soluble  in 
1.4  parts  of  cold  water,  valine,  and  &ltghily  bitter  to  the  ta&le,  and  neulrol  in 
reaction. 

Potassium  Aniimonyl  Tartrate  —  Tartratcd  Antimony  —  Tartar 
Emetic— Antimonii  ct  Potasaii  Tartras  (U.  S.),  2(.SbC>Kr^li/\.).  H^O — is 
prepared  by  boiling  a  solution  of  crt-ara  oC  tartar  with  antimonioti*)  oxide.  Its 
cryblals  are  tmnsparcnt,  right  rhombic  octahedra,  efflorescing  in  the  air.  It  is 
quite  soluble  in  water,  the  M>lutiou  basing  a  nauseating,  metaMic  ta&te.  It 
ia  [K>iaunous,  and  has  even  caused  death  when  applied  to  ihc  skia  as  a  local 
ixrilAnl  and  vcsicnnt. 


RUBIDIUM  and  CiESIUM, 

Rb  «  85.3.  Cb  =  ija.e. 

These  rare  metals  were  discovered  in  i860  by  Ilunsen  and 
Kirchoff,  by  means  of  the  spxrctrosoope.  Both  elements  were 
named  from  the  color  of  their  lines  in  the  S|jectri]iii  (rubidius, 
dark  red,  and  cxsius,  sky  blue).  Thev  occur  in  su^all  tjuanti- 
ties,  widely  distributed,  often  aicumpanying  potasbium.  With 
platinum  chloride  they  form  douhle  chlorides  (PtClj.2KbCl). 
Rubidium  iodide  and  rubidium  ammouiutn  broiuide  luve  beea 
used  in  medicine. 
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Rubidium  Iodide  (Rbl)  occurs  as  colorless  crystals,  readily 
iioluble  in  waler,  and  having  m<jst  of  the  physical  properties  of 
jx)tassinra  iodide,  for  which  it  \>  siilwtituted  as  a  remedy,  in  doses 
of  2  grains  throe  times  daily. 

Rubidium  Ammonium  Bromide  (RbBr.sNH^Br)  occurs 
as  a  white  crystalline  powder,  readily  soluble  in  water  and  jxjssess- 
ing  a  cooling,  saline  taste.     It  has  been  used  in  epilepsy. 


AMMONIUM  COMPOUNDS. 

Ammonium  (NH^). — This  radical  has  only  a  hypothetical 
existence,  never  having  been  isolated.  But  there  are  many 
reasons  for  believing  that  it  does  actually  exist  in  combination  in 
the  ammonium  compounds,  and  that  in  these  compounds  it  plays 
the  role  of  a  metal  resembling  sodium  and  potassium.  The 
oxide  of  this  radical  has  not  been  separated. 

Ammonium  Chloride  —  Ammonium  Muriate —  Sal- 
Ammoniac — Ammonii  Chloridum  (U.  S.  P.,  Br.),  (NH,C1) 
— was  formerly  obtained  by  the  dry  distillation  of  camel's  dung. 
At  present  it  is  pre|xired  chiefly  by  saturating  the  ammonia  water 
from  gas  works  with  hydrochloric  acid,  evaporating  the  solution 
to  dryness,  and  subliming  the  residue  in  iron  vessels.  Prepared 
in  this  way,  it  is  a  com|>acl,  tough,  fibrous  mass,  which  dissolves 
in  2.7  jxirts  cold  and  one  part  boiling  water.  It  crystallizes 
from  its  solution  in  small  octahcdra  or  cubes,  of  a  sharp,  salty 
taste,  and  a  neutral  reaction.  When  heated,  it  volatilizes  without 
fusing;  at  the  same  lime  a  dissociation  into  NH^  and  HCl 
occurs,  but  on  cooling,  these  products  recombine  into  ammonium 
chloride. 

This  salt  exists  in  minute  quantities  in  the  gastric  juice  of 
various  animals.  The  urine,  saliva,  and  tears  also  contain  some 
ammonium  rompound.  which  is  said  to  be  the  chloride. 

Ammonium  Bromide — Ammonii  Bromidum  (U.  S.  P., 
Br.),  (NHjBr.) — may  be  prepared  by  direct  combination  of 
ammonia  and  hydrobromic  acid,  or  by  decomposing  ferrous 
bromide  with  aqua  amiuoniae, 

KeBr  -f  2NII/JH  =  Fe(OH),  -f-  2NHjBr. 

or  by  subliming  a  mixture  of  potassium  bromide  and  ammonium 
sulphate. 

2KBr  4-  (NHJjSO^  =  iWU^r  -{-  K,SO^. 

It  fonns  a  white,  granular  powder,  or  large  prisms,  which  turn 
yellow  on  exi>osure  to  tlie  air,  and  i>ossess  a  saline,  pungent  taste 
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and  neutral  reaction.     It  dissolvrs  in   1.5  parts  of  water,  and 

volatilizes  without  decomposition. 

Ammonium  Iodide — Ammonii  lodidum  (U.  S.  P  ), 
(NH,;I) — is  prepared  by  the  action  of  hydnodic  acid  ur>on  am- 
monia, or  by  the  double  decom]>osition  of  potasium  iodide  and 
ammonium  sulphate. 

2KI  +  (NH,),SO.  ^  2NHJ  -f-  K,SO,. 

It  may  also  be  prepared  by  adding  ammonia  water  to  a  solution 
of  ferrous  iodicle. 

Fcl,  +  2NH,OH  =  Fe(OH),  -}-  2.\»l,l. 

It  forms  cubic  crystals,  which  are  deliquescent  and  are  soluble  in 

0.60  part  of  water.     They  decompose  in  the  air,  turning  yellow 

and  emitting  the  odor  of  imiine. 

Ammonium  Hydroxide  (NH,OH)  is  believed  to  exist  in 
lutiou  in  the  ordinary  aqua  ammonia:,  although,  when  the 
empt  is  made  to  isolate  it,  decomposition  ensues.     (See  page 

169.)     It  is  made  by  warming  ammonium  chloride  or  sulphate 

with  calcium  hydroxide. 

(NHj),SO,  +  Ca(OH),  =  CaSO,  -|-  aNH^OH, 

Aqua  Ammoniac  Fortior  (U.  S.  P.)  has  asp.  gr.  of  0.901, 
and  contains  2S  per  cent.  NH,. 

Aqua  Ammoniae  (U.  S.  P.)  is  of  sp.  gr.  0960,  and  con- 
tains 10  per  cent.  NH,. 

Ammonium  Carbonates.  —  Three  are  known :  Am- 
monium Carbonate — Neutral  Ammonium  Carbonate 
((NH,)jCO,) — may  be  prepared  as  a  crystalline  |x)wder  by  passing 
ammonia  gas  through  a  concentrated  solution  of  the  ses([uicar- 
bonate.  £x{>osed  to  the  air,  it  splits  up  into  ammonia  and  the 
acid  carbonate,  NH^HCO,. 

(NHJXO,  =  XH.HCOa  +  NH,. 

Hydro  ammonium  Carbonate — Acid  Ammonium  Car- 
bonate (NHjHCO,) — is  obtained  when  a  solution  of  ammonium 
hydroxide  or  sesquicarbonate  is  saturated  with  carbon  dioxide. 
It  forms  large,  rliombic  crystals,  which  are  quite  soluble  in  water. 
At  60*^  C.  (140*  F.)  it  is  decomiX)sed  into  ammonia  and  carbon 
dioxide. 

Ammonium  Sesquicarbonate — Sal-Volatile — Ammo- 
nii Carbonas  (L".  S.  l\)  (NH.HCO,-i-NH,NU,CO,)— is  the 
comiiiercijj  carbonate  of  ammonia,  and  was  formerly  prepared 
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by  the  dry  distillation  of  bones,  horns,  and  other  animal  sub- 
stances, it  i.s  at  present  preiarcd  by  heating  a  mixture  of  am- 
monium chloride  or  itulphaCe  with  calcium  carbonate,  and  con- 
densing the  volatilized  product  As  seen  by  the  formula,  it  is  a 
mixture  of  the  acid  carbonate  and  the  carbamate,  though  probably 
when  fresh  it  consists  of  the  pure  neutral  carbonate.  So  pre- 
pared, it  sublimes  as  a  white,  transp.irent,  hard  mass,  having  an 
ammoniacal  odor  and  an  alkaline  reaction.  On  ex[X)sure  to  the 
air,  it  gives  off  ammonia  and  carbon  dioxide.  The  carbonates  of 
ammonia  are  very  unstal>le. 

Ammonium  Nitrate  —  Ammonii  Nitras  (U^  S,  P.), 
(NHjNO_,)— ia  prc'i^ared  by  neutralizing  nitric  acid  with  aramo- 
liiinw  hydroxide  oi  carbonate.  It  crystallines  in  llcxible,  six-sided 
priims,  without  water;  disiolves  in  0.5  part  water  at  15°  C.  (59°  F.), 
andfusesat  163°  0.(329*=^.).  When  heated  to  210°  C.  (410  K), 
it  decomposes,  with  the  formation  of  nitrous  oxide  or  laughing 
gas,  and  water. 

(Nn,)NO,  =  N,0  +  2ll,0. 

Ammonium  Sulphate— Neutral  Ammonium  Sulphate 
— Ammonii  Sulphas  (.NjH)^S(\) — ;nay  beobtairieiJ  by  satural- 
inj-  the  anmioiiia  water  from  gas  works  with  sulphuric  acid.  It 
forms  rhombic  crystals,  soluble  in  two  parts  of  cold  and  one  (art 
of  hot  water.  At  140°  C.  (284F.)it  fuses,  and  at  higher  tem|>er- 
atures  it  decomix)ses  into  ammonia,  nitrogen,  water,  and  ammo- 
nium sulphite. 

Ammonium  Acetate  (XH,)C,H,Oj  is  formed  when  acetic 
Acid  is  saturated  with  ammonia  water,  or  ammonium  carbonate. 
It  is  seldom  seen  except  in  solution  in  water.  The  aqueous  solu- 
tion is  used  in  medicine  as  the  Liq.  Ammonii  Acetatis,  or 
Spirit  of  Mindererus,  which  contaiiis  about  7  per  cent,  of  the 
salt. 

Other  salts  in  use  are  the  benzoate,  phosphate,  and 
valerianate,  all  wliite  crystalline  salts.  The  bcnzoate,  NH^C,- 
n,^0^.  and  the  Valerianate,  NH.CjHaO,.  are  official. 

Ammonium  Sulphide  ( NMi),^)  is  a  white,  crystalline  solid, 
formed  by  mixing  ilry  hydnc  vdphide  and  ammonia  at  a  low  tem- 
|>cratur(h — iS*  C.  (aUjui  o  F.).  It  is  usually  prep:ired  by  mixing 
the  sulphydrate  with  sulphur.  It  dissolves  silphur  ami  the  sul- 
phides of  arsenic,  tin,  and  anlimoDy^  and  is  used  in  anal)'sis  for  this 
pur()ose. 

Ammonium  Sulphydrate  (NH.SU)  is  [irepared  by  ^ttur 
rating  a  solution  of  ammonumi  hydroxide  with  hydrogen  sul|>hiuflK,^ 
(sulphuretted  hydrogen  j.     It  is  colorless  at  first,  but  becomes  ycl- 
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low  on  exposure,  from  decomposition.     It  is  used  in  laboratories; 
a  reagent.     Acids  decompose  Lx)th  these  sulphides,  setting  free 

sulphur. 

Action  on  the  Economy. — In  large  i]uantiiies,  or  by  pro- 
lonj^^cd  use,  ammonia  and  its  stilts  are  poisonous.  Ammonia,  if 
inhaled,  acts  as  a  severe  irritant  upon  the  air  passages,  causing 
dyspnuiu,  pain,  suflTocation,  and  even  death.  The  treatment  in 
cases  of  i)oiscjning  consists  in  neutralizing  the  alkali  with  diluted 
acids  j  or,  in  using  the  vapor  of  acetic  or  diluted  hydrochloric 
acid  a.s  an  inhalation.  Two  drachms  of  a  strong  solution  of  ammo- 
nium hydroxide  have  proved  fatal. 


COPPER  (Cuprum). 

Occurrence. — ^This  metal  occurs  in  the  free  state  in  larg 
masses,  or  crystallized  in  cubes  and  octahedra.  It  is  found  in 
the  vicinity  of  Lake  Superior,  in  China,  Japan,  Sweden,  and  in 
the  Urals.  Its  most  important  ores  are:  cuprite  (Cu,0),  mala* 
chite,  and  azuriic  (basic  carbonates),  chalcociie  (Cu^S),  and 
chalcopyrite,  or  copi>er  pyrites  (CuFeSJ. 

Preparation. — The  mixed  copi)er  ores  are  first  roasted  in  the 
air,  by  which  process  a  |x)rt ion  of  the  copiJcr,  if  a  sulphide,  is  con- 
verted into  oxide.  This  is  then  roasted  with  a  Mlica  liux  and  car- 
bon. By  this  process  the  iron  sulphide  is  converted  into  a  silicate, 
and  is  drawn  off  with  the  slait.  Alter  several  repetitions  of  this 
process  the  so-called  copperstone  is  obtained.  This  contains 
both  the  sulphide  and  oxide,  iiy  repeated  roasting  and  healing, 
tlie  copier  oxide  reacts  upon  the  sulphide,  and  metallic  copper 
results.  Some  poor  ores  arc  first  treated  with  sulphuric  acid,  and 
the  resulting  sulphate  is  then  treated  with  scrap  iron,  which  pre- 
cipitates the  copper  in  the  metallic  state.  Chemically  pure  copper 
is  obtained  by  electrolysis,  or  by  heating  the  pure  oxide  in  a 
stream  ol  hydrogen. 

Properties. — Copper  is  a  red  metal  by  reflected  light,  while 
thin  Icafiets  transmit  a  green  light. 

It  is  soft,  ductile,  and  tenacious;  a  good  conductor  of  hea 
and  electricity;  specific  gravity  8.914  to  8.952.  In  dry  air  it 
undergoes  no  change,  but  in  moist  air  it  gradually  becomes  coated 
with  a  thin  layer  of  green  basic  carbonate.  When  heated,  it 
oxidizes  to  black  cupric  oxide  (CuO).  Hot  sulphuric,  nitric, 
and  hydrochloric  acids  dissolve  it,  with  liberation  of  sulphur 
dioxide,  nitrogen  dioxide,  and   hydrogen,   respectively.     Wit 
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organic  acids  it  forms  soluble  salts  in  the  presence  of  air  and 
moisture  ;  hence,  acid  fruits  should  not  be  kept  in  copper  vessels. 
Cuprous    Compounds. — These  are  very  unstable,  absorb 
oxygen^  and  are  converted  into  cupric  compounds. 

If  the  formuUe  CuCI,  Cul,  Cu^O,  and  Cu^S  are  correct,  copper  in  the  cuprous 
ompiunds  wovild  appear,  like  silver,  to  be  univalent.  It  has  never  been 
d -lerminc*!,  ho*cver,  whether  the>e  formuI.e  really  express  the  true  milecules. 
Copper  ci>nip«>unds  nre  doI  volallle,  and  we  have  no  means  of  ascertaining  the 
ki/e  of  the  [Du'cculc.  As  ha»  already  bjcn  staled,  tnoil  chctniats  bsUeve  thai 
in  the  cuprouii  compounds  copper  ii  bivalent,  and  that  they  contain  the  group 
Cuj",  whose  valence  is  always  two. 

Cuprous    Chloride — Subchloride,    or    Protochloride 

(CuCI  or  Cu,Cl,) — is  prcKluced,  together  with  cupric  chloride,  by 
igniting  luetallic  copper  in  chlorine  gas;  by  di^isoUang  cuprous 
oxide  in  hydri>chloric  acid  without  contact  of  air;  or  by  llie 
action  of  many  reducing  agents  u|x>n  solutions  of  cupric  chloride. 
It  is  a  heavy  white  powder,  rapidly  becoming  green  in  the  air, 
owing  to  the  absorption  of  oxygen  and  the  formation  of  cupric 

chloride  (cu  w^ij      It  dissolves  in  concentrated  hydrochloric 

acid,  but  not  in  water.  With  carbon  monoxide  it  forms  a  crystal- 
lizjble  compound,  its  hydrochloric  acid  solution  is  used  in  gas 
analysis  to  absorb  this  gas. 

Cuprous  Iodide  (Ou^I,)  is  precipitated,  together  with  iodine, 
from  sulublt:  cupric  sahs  by  potassium  iodide. 

2CUSO4  -f  4KI  =  aKjSO^  +  Cujl,  -I-  I^ 

On  dissolving  onC  the  iodine  with  ether,  the  iodide  is  left  as  a 
gray  insoluble  jjowder. 

Cuprous  Sulphide  —  Subsulphide,  or  Protosulphide 
(Cii^S) — occurs  ill  the  mineral  chalcocite,  as  soft,  fusible,  gray 
crystals;  a'so  in  many  double  sulidiide^,  among  whirh  the  most 
important  i>  the  double  sulphide  of  copper  and  iron,  or  copper 
pyrites. 

Cuprous  Oxide— Suboxide  {Cu,0) — occurs  in  nature  as 
cuprite.  It  is  obtained  ariificially  by  boiling  an  alkaline  solu- 
tion of  grape  sugar  and  copper  sulphate.  It  precipitates  as  a 
bright  red  powder.  (Fehling's  and  Trommer's  tests.)  The 
hydroxide  (Cu,,(OH),)  is  precipitated  by  the  alkalies,  from  hydro- 
chlorii:  acid  solutiotw  of  Cu.Clj,  as  a  yellow  |»owder. 

Cupric  Compounds.  Cupric  Chloride  (CuCI,)  is  formed 
by  dissolving  cuptic  oxule  or  carbonate  in  hydrochloric  acid. 
From  Afpicoub  solutions  it  crystallizes  m  bright  green,  rhombic 
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needles  with  ]2H,0.  It  is  readily  soluble  in  water  and  alcohol. 
When  healed,  it  parts  with  its  water,  and  forms  anhydrous  cupric 
chloride,  which  at  a  red  heat  gives  off  chlorine. 

2CuCI,  -|-  heat  =  Cu,a,  -|-  a^ 

Cupric  Bromide  resembles  the  chloride.  The  iodide  is  not 
known. 

Cupric  Oxide — Binoxide — Black  Oxide  (CuO) — is  pre- 
pared by  heatin>^  copper  turnings  to  redness  in  the  air,  or  by 
calcining  the  nitrate.  It  forms  a  black  amorphous  powder, 
readily  reduced  to  the  metallic  state  by  heated  charcoal,  hydro- 
gen, or  the  alkaline  metals.  If  heated  in  the  presence  of 
organic  substances,  it  oxidizes  them  completely,  and  is  thereby 
reduced  to  the  metal.  It  is  used  in  organic  analysis  for  this 
purpose. 

Cupric  Hydroxide  CCu(OH),)  is  formed  as  a  voluminous 
bluish-white  precipitate  when  sodium  or  potassium  hydroxide 
is  added  to  a  solution  of  a  copper  salt.  When  heated,  even 
under  water,  it  becomes  dehydrated,  and  changed  to  black  cupric 
oxide. 

Coi)[3er  oxide  and  hydroxide  dissolve  in  ammonium  hydroxide, 
forming  a  dark-blue  solution.  This  solution  is  often  used  as  a 
solvent  for  cetUilose,  from  which  acids  precipitate  it  again. 

Cupric  Sulphate— Blue  Vitriol — Blue  Stone — Cupri 
Sulphas  (U.  S.  P.,  Br.).  (CuSO.  511,0).  This  is  the  only 
official  salt  of  copper,  it  may  be  prepared,  first,  by  roasting 
chalcociie  ;  second,  from  the  water  of  certain  copper  mines  ; 
third,  by  exjwsing  copi:tcr,  moistened  with  diluted  sulphuric  acid, 
to  the  air ;  fourth,  by  dissolving  copper  oxide  in  hot,  concen- 
trated sulphuric  acid. 

CuO  4-  H,SO^  =  CuSf »,  +  H,0. 

It  forms  large,  blue,  triclinic  crystals,  which  dissolve  in  2.6  i>arts 
of  water  at  15"  C.  (sg'^  F.),  and  in  0.55  part  of  water  at 
100°  C.  (212°  ¥.).  it  loses  four  molecules  of  water  at  100** 
C.  (31a®  F.),  while  the  fifth  separates  above  200*^  C.  (392  F.), 
leaving  a  white  amorphous  |K)wdcr,  which  readily  takes  up  v^ater, 
and  in  so  doing  resumes  its  blue  color.  Solutions  of  copper 
salts  have  a  blue  color,  acid  reaction,  .ind  metallic,  styptic  taste. 
Ammonium  hydroxide  added  !o  a  solution  of  copper  suljihate, 
prcciiutates  a  blnish-white  cupric  hydroxiile,  which  dissolves  in 
an  excess  of  the  alkali,  forming  a  deep  blue  solution  consisting  of 
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ammonio-sulphatc  of  copper,  or'cupric-tetrammonium 
sulphate*  Cu(NHj^SOj.H/).  This  solution  is  used  as  a  test  for 
arsenic-  Alcohol  precipitates  from  this  solution  long,  right 
rhombic  prisms  of  cupric-tetrammoniuin  sulphate,  which  are 
very  soluble  in  water. 

Cupric  sulphate  also  enters  into  the  alkaline  cupric  tar- 
trate solution— Fehling's  Solution, 

Cupric  Carbonates. —  The  neutral  carbonate  (CuCO,)  is 
not  known.  When  alkaline  carbonates  are  added  to  solutions 
of  cop|)cr  salts,  the  basic  carbonate  separates  as  a  green  precipi- 
tate, having  llie  formula  CuCOj. 2Cu(OH  )^.  This  salt  occurs  in 
nature,  especially  in  Siberia,  as  malachite.  Another  basic 
salt,  tricupric  carbonate,  or  sesquicarbonate  of  copper,  is 
the  beautiful  blue  mineral,  azurite. 

Copper  Arsenite  —  Schcele's  Green,  is  prepared  by 
adding  a  solution  of  sodiimi  or  potas&ium  arsenite  to  a  solution 
of  a  copper  sail.  It  is  a  green  powder,  composed  of  copper 
arsenite  and  copper  hydroxide.  It  is  insoluble  in  water,  but 
soluble  in  ammonium  hydroxide  or  the  mineral  acids.  1(  is 
exceedingly  poisonous,  but  is  often  used  as  a  pigment  to  color 
wall  papers,  toys,  and  even  confectionery. 

Schweinfurt  Green  —  Mitis  Green,  or  Paris  Greeh 
(CuCCjHjOj),  -•-  3(CuO,As,),  is  the  commonest  and  most  danger- 
ous of  the  cupro-arsenical  pigments.  It  is  prepared  by  adding  a 
concentrated  solution  of  cupric  acetate  to  a  boiling  solution  of 
arsenous  acid.  Il  is  an  insoluble,  green,  crystalline  jwwder, 
decomposed  by  prolonged  boiling  in  water,  by  aqueous  solutions 
of  the  alkalies,  and  by  the  mineral  acids.  U  is  soluble  in  am- 
monium hydroxide. 

Cupric  Acetate  (Cu(CjH,0,)3")  is  formed  by  the  decomposi- 
tion of  a  solution  of  copper  sul[ihate  by  lead  acetate.  It 
separates  in  large,  bluish-green,  prismatic  crystals,  with  one 
molecule  of  Hp,  which  it  loses  at  140^  C.  (^4°  F-).  'I'he  dry 
salt,  when  heated  to  250**  C.  (482^  F.),  decomposes  with  the 
liberation  of  glacial  aceiir  acid. 

Basic  Acetates.  —  Verdigris  —  Cupric  Subacctate  is 
a  complex  mixture  of  copper  acetate  and  hydroxide.  It  is 
pre|jared  by  exposing  to  the  air  piles  composed  of  alternate 
layers  of  grape  skins  and  copjjer  plates,  and  after  some  lime 
removing  the  bluish-green  coating  from  the  plates.* 


*  The  term  Tcrdigrts  is  now  often  popularly  a|)pHed  to  the  green  carbonates, 
hyftn>xi<lr»,  or  salts  of  organic  acius,  which  accumulate  on  the  surface  of 
coji|»»-r. 
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Copper  Pigments.  —The  most  imjx)rtanl  are :  Bright 
Green,  a  mixture  of  copper  acetate  and  chalk  ;  Brunswick 
Green,  onginally  an  impure  chloride,  but  now  generally  a 
mixture  of  the  carbonate  and  chalk  ;  Mountain  Green,  or 
Mineral  Green,  is  a  na'.ive  ^reen  carbonate  of  copi>er,  some- 
times containing  orpiment.  Neu'wieder  Green  is  a  mixture  of 
mineral  green  or  Schwcinfurt  green  with  gy|>5um,  or  barium  sul- 
phate. Green  Verditer  is  a  mixture  of  the  basic  carbonate. 
the  oxide,  and  chalk. 

Physiological  Action  of  Copper. — Until  recently,  toxi- 
cologists  were  universally  of  the  opinion  that  all  the  copper  salts 
are  |x>isonou3.  Of  late,  however,  this  has  been  considerably- 
modified.  Most  of  the  copfier  coniix>unds  have  an  irritant,  local 
action  if  brought  into  contict  with  the  gastric  or  intestinal 
mucous  membrane,  causing  vomiting  of  greenish  matter,  cram|js, 
etc.  On  the  other  hand,  there  are  numerous  instances  in  which 
severe  illness,  characterized  by  nervous  and  other  constiutional 
s)  m|}toms,  have  followed  the  use  of  food  that  has  been  in  contact 
with  imperfectly  tinned  copf)er  vessels.  Some  such  cases  have 
proven  fatal.  It  has  been  conclusively  shown,  however,  that  pure 
and  non-irritating  copper  compounds  may  be  taken  in  con- 
siderable quantity  without  any  bad  results. 

Copper  sniiihate  is  frequently  used  as  an  astringent  in  medi- 
cine, and  has  been  recommended  in  cholera  and  dysenteric 
troubles.  This  salt  may  be  taken  in  considerable  doses,  with 
only  an  emetic  effect.  Cases  of  acute  poisoning  are  not  common, 
but  some  are  recorded.  Chronic  poisoning  is  occasionally  seen 
in  those  who  work  in  copper,  characterized  by  colicky  pains, 
emaciation,  impaired  digestion,  diarrhrea,  and  often  a  catarrhal 
cough.  In  most  cases  there  is  a  green  line  on  the  margin  of  the 
gums.  Copper  is  ver^  likely  to  become  contaminated  with 
arsenic  ;  and  it  is  possible  that  some  of  the  cases  of  re|X)rted  cop- 
per poisoning  ouglit  to  be  attributed  to  arsenic.  The  organic 
salts  of  copper  seem  to  be  more  poisonous  than  the  inorganic. 
Canned  peas,  pickles,  and  other  fruits  are  often  contaminated 
with  copper,  and  the  manufacturers  have  frequeiitly  been  punished 
by  fines  ;  but  there  exists  a  dilTeretiLe  of  opinion  as  to  the  dangers 
of  copper  in  such  goods.  As  long,  however,  as  there  is  a  chance 
for  doubt,  sanitary  authorities  should  prohibit  its  use.  The 
chemist  must  remember  that  most  articles  of  food  contain  traces 
of  coi)|>cr. 

The  treatment  of  cases  of  irritant  copper  poisoning  should  con- 
sist in  the  exhibition  of  milk,  white  of  egg,  and   other  albu- 
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Tninous  substanres,  with  which  the  copper  salt  may  form  an  inert 
con]|)ound.  Kmesis  should  be  induced  if  it  has  not  taken  place 
spontaneously. 

SILVER  (Argcntum). 

Aft  »  108. 

Occurrence. — This  metal  occurs  in  nature  in  combination 
with  chlorine,  bromine,  iooine,  sulphur^  arsenic,  copper,  anti- 
mony, etc.  The  principal  localities  in  which  it  is  found  are  the 
western  United  States,  Mexico,  Hungary,  and  ?axony. 

It  is  found  native  to  some  extent.  The  lead  ore,  galena,  fur- 
nishes much  silver. 

Preparation. — For  a  description  of  the  elaborate  processes 
by  %vhich  silver  is  extracted  from  its  ores,  the  student  is  referred 
to  works  on  metallurgy.  As  usually  obtained  by  these  processes 
the  metal  is  not  pure,  but  is  contaminaied  to  a  greater  or  less 
extent  by  copper  and  other  metals.  To  obtain  it  chemically 
pure*  the  ordinarily  occuriing  silver  is  dissolved  in  nitric  acid, 
and  from  this  solution  of  the  nitrates,  silver  is  precipitated  as 
chloride  by  hydrochloric  acid  or  common  salt.  Tiie  silver 
chloride  thus  obtained  may  be  reduced  by  fusion  with  sodium 
carbonate,  or  by  the  action  of  zinc  or  iron  in  the  presence  of 
water  and  HCl. 

2Aga  +  Zn  =  ZnCI,  -{-  aAg. 

Properties. — It  is  a  brilliant  white  metal.  Its  sp.  gr.  is  10.47 
to  10.54.  It  is  tolerably  malleable,  soft,  very  ductile,  and  is  the 
best  known  conductor  of  heat  and  electricity.  It  does  not  oxi- 
dize in  the  air,  but  frequently  tarnishes  in  ordinary  atmospheres 
from  the  presence  of  minute  quantities  of  hydrogen  sulphide, 
which  blacken  it.  It  unites  directly  with  the  members  of  the 
halogen  group.  It  dissolves  in  hot,  strong  sulphuric  acid,  to 
form  the  sulphate. 

Ag,  +  "r'^O,  =  Ag,.SO.  +  H,. 

It  is  more  easily  attacked  by  nitric  acid,  which  dissolves  it  with 
great  readiness,  even  when  largely  diluted. 

6Ab  -I-  8HNO,  ==  6AgNO,  +  4H,0  -f  N,0^ 

In  order  to  give  it  the  necessary  hardness  for  use  in  the  arts,  it  is 
usually  alloyed  with  copj^er.  Coin  silver  contains  10  jjcr  cent. 
of  cop|)er,  in  the  U.  S.,  France,  Geroiany  and  Austria. 
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Silver  Chloride  (AgCl)  is  formed  whenever  hydrochloric 
acid  or  a  saliible  chloride  is  added  to  aiiueous  solutions  of  silver 
salts,  as  a  curd)%  white  precipitate. 

AgNO,  4-  HC!  =  AgCI  -I-  HNO^ 

It  is  insoluble  in  acids,  but  soluble  in  solutions  of  alkaline 
chlorides,  hyposulphites,  and  cyanides,  and  freely  so  in  amnioniiim 
hydroxide.  It  may  Ijc  crystallized  from  ammoniacal  solutions  in 
lari^e  regular  t)rlaliedra. 

Silver  Bromide  (AgBr)  precipitates  from  solutions  of  silver 
sails  on  the  addition  of  hydrobromic  acid  or  a  soluble  bromide. 

AgNO,  -f  HBr  =  AgBr  +  HNO^ 

With  the  exception  of  not  being  quite  so  soluble  in  ammoninm 
hydroxide,  it  very  closely  resembles  silver  chloride. 

Silver  Iodide  (Agi)  — Argcnti  lodidum  fU.  S.  P.)— 
differs  from  the  chloride  and  brnniide  in  its  yellow  color,  and 
insolubility  iu  ammonia.  Aclinic  rays  of  light  change  the  color 
of  silver  chloride,  brumide,  and  iodide,  first  to  violet,  then 
brown,  and  finally  black  The  bromides  and  iodides  are  more 
sensitive  to  light  than  the  chhinde. 

Silver  Oxide — Silver  Monoxide — Silver  Protoxide — 
Argenti  Oxidum  ( U.  S.  P.,  lir.),  (.•Vg.^O) — is  precipitated  from 
solutions  of  soluble  silver  salts  by  sodium  or  potassimu  hydroxide, 
as  a  dark  brown,  faintly  alkaline  powder,  slightly  soluble  in 
water. 

aAgNO,  -i-  2KOH  =  Ag,0  +  3KNO,  -f  H,0. 

It  has  strong  basic  i^roperties.  It  readily  gives  up  its  oxygen 
when  heated.  It  should  not  be  triturated  with  substances  which 
are  readily  oxidizable,  or  combustible,  as  it  is  easily  reduced. 
When  the  solution  in  ammonium  hydroxide  is  evaporated,  there 
sejiarate  black  crystals  of  an  explosive  compound  (Ag/),2NHj), 
which,  when  dry.  explode  on  the  slightest  disturbance. 

Silver  Suboxide  (Ag,0)  and  Silver  Peroxide  (A^O>  or 
Ag/)j)  are  alst>  known. 

Silver  Nitrate— Argenti  Nitras  (LJ.  S.  P.,  Br.).  (AgNOj) 
— is  prepared  by  dissolving  pure  silver  in  a  somewhat  diluted 
nitric  acid,  evaporating,  recrystallizing,  and  washing  with  strong 
nitric  acid.  It  separates  in  large  anhydrous  plates,  soluble  at 
ordinary  temperatures  in  one  part  of  water  or  26  parts  of  alcohol, 
and  forms  colorless  solutions. 


SILVER. 


On  exposure  to  light,  in  the  presence  of  organic  matter,  its 
solutions  turn  black,  and  deposit  metallic  silver.  It  has  been  pro- 
posed to  use  this  reaction  as  a  test  for  organic  matters  in  potable 
waters.  Chlorine  and  iodine  decompose  it,  with  the  liberation 
of  anhydrous  nitric  acid,  and  the  formation  of  a  chloride  or  an 
iodide.  When  fused  and  cast  into  cylindrical  moulds,  it  forms 
the  Argenti  nitras  fusus  (U  S.  P.).  lapis  infernalis,  or 
lunar  caustic  of  pharmacy.  Argenti  nitras  dilutus  (miti- 
gated caustic )  is  an  official  preparation,  made  by  melting  together 
30  i^arts  of  silver  nitrate,  and  60  [>arts  of  potassium  nitrate,  and 
casting  in  suitable  moulds. 

This  salt  is  also  used  in  photography,  in  the  manufacture  of 
hair-dyes,  marking  ink.  and  in  the  silvering  of  glass. 

Silver  Cyanide— Argenti  Cyanidum  (U.  S.  P.),  (AgCN) 
— precipitates  from  silver  nitrate  solutions  as  a  white,  curdy  noass, 
on  the  addition  of  potassium  or  sodium  cyanide.  It  is  freely 
soluble  in  an  excess  of  the  reagent.  It  is  also  soluble  in  ammo- 
nium hydroxide  and  sodium  hy|X)^ulphite,  but  is  nut  affected  by 
light.  A  solution  of  this  compound  in  potassium  cyanide  is  used 
as  the  plating  bath  in  electro-plating  with  silver. 

Silver  Salts  in  Photography.— The  ])roperty  of  under- 
going reduction  to  the  metallic  state,  by  the  action  of  light  and 
organic  mailer,  makes  the  silver  salts  useful  in  photography. 

In  taking  a  photograph,  a  negative  is  first  prei»ared,as  follows: 
A  plate  of  glass,  previously  well  cleaned,  is  evenly  covered  by 
Boating  over  it  a  solution  of  collodion  (a  solution  of  pyroxylin 
in  ether  and  alcohol)  containing  a  small  quantity  of  iodide  or 
bromide  of  potassium,  and  then  dried.  On  dipping  the  plate 
into  a  solution  of  silver  nitrate,  it  becomes  coated  with  a  layer 
of  silver  iodide  or  bromide.  After  ex[)osure  in  the  camera,  it  Is 
taken  to  the  dark  room  and  *'  developed  "  by  i>ouring  upon  it 
a  solution  of  pyrogallic  acid,  or  ferrous  sulphate,  which  reduces 
the  silver  salts  to  the  metallic  state  on  that  portion  of  the  plate 
that  has  been  acted  upon  by  light,  and  makes  it  opaque.  In 
printing  from  this,  a  sheet  of.  albuminized  |Kii>er,  previously 
floated  upon  a  solution  of  silver  nitrate  and  then  dried,  is  placed 
behind  the  negative  and  exposed  to  a  strong  light.  The  same 
action  takes  place  upon  the  pa|}er ;  the  lights  upon  the  negative 
becoming  dark  upon  the  pafier.  The  image  is  fixed  by  dis- 
solving off  the  undecomjx>sed  silver  with  a  solution  of  sodium 
hyposulphite. 


GOLD  •  Auram) 


Occurrence  — Krtivc  ^old  occvs  videi^  distribsted,  tboqgh 
in  Mcail  qiaattocs.  It  is  wiirtiics  foaad  in  tbe  fam  of  beami- 
M  crytiAh,  bcknght^  to  the  cnlHcal  sj^stm,  tmt  gcBcnlly  as 
rrtns  ia  i]uart2.  It  hako  ksaad  in  the  beds  of  wMkwtt  rivcr^  in 
the  fonn  of  3.  gtuxxuhr  dotf.  Tim  nay  he  sefiaratcd  by  simple 
wa&hing,  the  simplest  device  being  the  '*  pan/*  which  k»  a  round 
dish  of  sheet  iron,  with  sloping  SKks,  about  twelve  or  fourteen 
inches  in  diameter.  Tlibpan  isaboot  haif  filled  with  the  rond 
and  sand  to  be  vashrdt  and  is  held  in  a  sticam  of  water  and 
rotated  in  such  a  way  that  ibe  lighter  nsaierial  is  carried  away 
and  the  gold  teA  When  larger  qtiantitics  are  to  be  washed,  the 
"cradle**  is  used.  The  gold  dust  so  obtained,  or  the  gold 
quart2  which  has  been  pulverized,  is  treated  with  mercury,  which 
lomis  an  amalgam  with  the  gold.  This  amalgam  is  ihen  placed 
in  a  retort  and  heated.  1  he  mercury  distils  over,  leaving  the 
gold  behind. 

Properties, — Gold  is  orange  yellow  by  reflected  light,  and 
green  by  trar.smitted  light,  and  is  very  ductile  and  exceedingly 
malleable.  It  fuses  at  1200°  C.  (2192^  F.),  hasaspecitic  gravity 
of  19.36,  and  i.s  a  good  conductor  of  heat  and  electricity.  It 
retains  its  lustre  even  at  high  temperatures.  It  is  not  affected 
by  any  single  acid  or  alkaline  hydroxide.  A  mixture  of  nitric 
and  hydrochloric  acids  readily  dissolves  it,  forming  a  solution  of 
the  chloride.  Jtcombines  directly  with  the  halogens,  phosphorus, 
antimony,  arsenic  and  mercury.  In  handling  bromine,  care 
should  be  taken  that  its  va|}or,  or  the  bromine  itself,  does  not 
come  in  contact  with  rings  or  other  gold  jewelry,  lest  they  be 
attacked. 

Uses. — Gold  preparations  are  not  much  u^ed  in  medi- 
cine. It  is  extensively  employed,  however,  in  the  manufacture 
of  jewelry  and  for  coinage.  For  either  of  these  purposes  it  is 
too  soft  to  be  used  alone,  but  is  always  alloyed  with  either 
cop|)cr  nr  silver.  In  estimating  the  fineness  of  gold  in  jewelry, 
it  is  divided  into  tweniy-four  mual  parts,  called  carats.  The 
alloy  is  said  to  he  of  so  many  carats  fineness,  when  it  contains 
that  ntimber  of  twenty-fourths  of  pure  metal.  Kighteen-carat 
gold  \s,  then.  J^j.''>ld,  and  six  carats  liase  metal. 

Aurous  Chloride  (AuCI)  is  a  |«ilc  yellow,  insoluble  pow- 
der, formed  by  healing  auric  chloride  to  200°  C.  (392"  h\). 
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Auri  et  Sodii  Chloridum  (AuCI,  -|-  NaCI)  is  used  in  medi- 
cine. It  is  a  yellow,  dclii^ut'scent  solid,  having  a  salint\  mt-tallic 
taste  and  an  acid  rciirtion.      It  is  soluble  in  water  and  alcohol. 

Auri  ct  Sodii  Chloridum  is  not  a  chemical  compound,  but 
a  mixture  ol'  auric  chloride,  AuCI,,  and  sodium  chloride,  NaCl, 
in  equal  parts  by  weight.  It  is  decom[X)S6d  by  heat,  and  metallic 
gold  separates. 

Auric  Chloride — Gold  Trichloride  (AuCI,) — occurs  in 
deliquescent  prisms,  soluble  in  wattr,  alcohol  and  ether.  Wilh 
phosphorus  or  reducing  agents  it  is  readily  decompxjsed,  with  the 
separation  of  gold.  When  in  solution,  it  gives,  with  stannous 
chloride,  a  beautiful  [nirple,  flocculent  precipitate — purple  of 
Cassius — which  is  used  to  ornament  glass  and  porcelain. 
Auric  chloride  is  used  in  photography  for  **  toning."  The  silver 
print  is  placed  in  the  gold  solution,  when  metallic  gold  is  deposited 
npon  the  silver  picture,  thus  giving  it  a  yellow  tint  or  •*  tone.'* 

Aurous  Oxide  (Au,0)  is  a  dark  violet  powder,  formed  by 
the  action  ol  potassium  hydroxide  u[X)n  aurous  chloride. 
Hydrochloric  acid  changes  it  to  auric  chloride  and  gold. 

Auric  Oxide  f  Au,<)J  is  prepared  by  digesting  magnesium 
oxide  in  a  solution  of'  auric  chloride,  decomposing  the  magne- 
sium aurate  with  nitric  acid,  and  drying  the  residue  at  ioo°  C. 
(212*  F.  ).  It  is  a  dark-brown  |«wder,  which  decomposes  easily, 
and  unites  readily  with  positive  oxides  to  form  aurates,  having 
the  general  formula  RAuO,.  It  will  thus  be  seen,  trom  its 
behavior  with  oxygen,  that  gold  is  either  monad  or  triad. 
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GROUP  11— METALS  OF  THE  ALKALINE 
EARTHS, 


Beryllium,  Be 

=  9. 

Calcium,      Ca 

40. 

Siromium,  Sr 

87.66. 

Barium,       Ba 

137-43 

The  metals  of  this  group  are  called  metals  of  the  alkaline 
earths,  l>ecausc  their  oxides  resemble,  on  the  one  hand,  the  oxides 
of  the  alkali  metals,  and,  on  the  other,  the  real  earths  (alumina, 
etc.)'  Like  the  iM)tassium  group,  their  proixirties  and  chemical 
energy  increase  gradually  with  their  atomic  weights.    Their  basic 
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properties  afao  bccomg  greater  with  their  atomic  weights.  Tfa«$; 
bairium  decomposes  water  fDorc-  eoergeticallv,  and  oxidizes  more 
readily  than  strontiom  or  caSciam.  Banam  hydroxide  is  like- 
wise the  strongest  base.  It  is  quite  soluble  in  water.  It  fuses 
without  decomposition,  and  absorbs  carbon  dioxide  rapidly  from 
the  air.  Calcium  hydroxide  possesses  weaker  h.isic  properties, 
i^  difficultly  soluble  in  water,  and,  when  ignited,  breaks  up  into 
water  and  calciom  oxide.  Strontium  stands  between  bahum  and 
calcium.  Thus,  although  these  metals  resemble  the  alkali  metals, 
both  in  their  free  state  and  as  hydroxides,  they  essentially  differ 
from  them  in  the  insolubility  of  their  carlmnates  and  phosph-ites, 
and  still  more  of  their  sulphates.  Barium  sulphate  is  insoluble  in 
water  and  acids. 


CALCIUM. 

Occurrence. — This  metal  forms  one  of  a  class  of  elements 
most  widely  distributed  in  nature.  Its  carbonate  (limestone, 
marble,  and  chalk),  its  sulphate  (gypsum  and  alabaster),  and  its 
phosphate,  fluoride,  and  silicate  are  common  minerals. 

Preparation. — Calcium  may  be  obtained  from  the  fused 
chloride  by  clectroUsis ;  or,  by  heating  calcium  iodide  with 
sodium,  or  calcium  chloride  with  sodium  and  zinc. 

Properties.  — It  Ls  a  lighi-yellow,  lustrous,  ductile  metal.  It 
ftises  at  a  red  heat,  dues  not  sensibly  volatilize,  and  burns  in  the 
air  with  a  brilliant  reddish-yellow  light.  It  does  not  undergo 
oxidation  in  dry  air,  but  in  moist  air  covers  itself  with  a  layer 
of  hydroxide.      Its  specific  gravity  is  1.577. 

Calcium  Chloride -Calcii  Chloridum  (U.  S.  P,  Br.), 
(CaC'I,) —  is  prej>ared  by  the  action  of  hydrochloric  acid  upon 
marble.  It  crystallizes  with  6  molecules  of  li,0,  in  Urge,  six- 
niilcd  prisms,  which  are  bitter,  deliquescent,  and  very  soluble  in 
water.  If  heated,  it  melts  in  its  waler  of  crystallization  with 
some  loss  of  water.  About  200°  C.  (392**  F.),  it  becomes 
anhydrous.  The  fused  calcium  chloride  is  the  oMcial  salt.  It 
is  a  white  mass,  slightly  translucent,  having  a  sharp,  saline  taste, 
but  no  odor.  The  dry  salt  is  a  white,  f)orous  mass,  which  fuses 
at  a  red  heat  and  solidifies  to  a  crystalline  mass,  which  rapidly 
absorbs  water,  and  is  used  as  a  drying  agent  for  gases  and 
liqutds  other  than  water.  Calcium  iodide  and  bromide  are 
very  similar  to  the  chloride.     The  bromide  (CaBr,)  is  official 
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Chloride  of  Lime  —  Chlorinated  Lime  —  Bleaching 
Powder — Calx  Chlorata  (  U.  S..  br.) — is  amixtureof  t:alciuui 
chloride  (CaCl,)  and  calcium  Kypochlorile  (CafClO),)  with  some 
water.  The  hypochlorite  is  the  active  principle,  h  is  prepared] 
by  passing  chlorine  over  slaked  lime. 

FitHn  Ihe  analogous  action  of  chlorine  upon  sodium  or  pota&sium  hydroxide, 
we  nuy  express  the  reaction  in  the  case  of  calcium  hydroxide  by  (he  following 
equation: — 

2Ca(OH),  -I-  2CI,     ^  Ca(OCI),  -f-  CaO,  -f  2H,0. 

According  to  this  equation,  the  completely  chlorinated  chloride  ofltme  must 
contain  48,9  per  cent,  of  chlorine,  which  is  never  the  case,  as  a  portion  of  the 
calcium  hydroxide  always  remains  unchanged.  The  exact  constitution  of 
chloride  of  lime  is  in  doubt;  but  from  more  recent  observations,  it  ia  Itelievt^d 
by  some  that  the  :ictive  constituent  of  chloride  of  lime  is  a  bistc  calcium 
.OCl. 


hypochlorite  Ca 


OH, 


and  the  following  reaction  takes  place  when  cblurine 


acts  upon  calcium  hydroxide: — 

3Ca(On),-f  2CI,  = 


aCaOjHCI  +  CaCI,  -f  2H,0. 


Calculating  from  this  equation,  completely  saturated  chloride  of  lime  con- 
tains only  3g  per  cent,  chlorine,  which  is  found  to  be  nctually  the  case. 

Otheni  rrgard  chloride  of  lime  as  a  chlnro-liypochlorilc,  having  the  griphic 
formula,  CaCl  — O  —  CI,  and  formed  according  to  the  following  reaction: 
Ca(OH'),  +  CI,  =  CttOCI,  -f-  11,0.  When  dissolved  in  water  this  comp-jund, 
it  is  claimed,  decomposes,  giving  CaO^CI,  and  CaCI,.  This  idea  of  its  com- 
position jwems  to  me  improbable. 

Chloride  of  Lime  is  a  grayish-white,  poroiis  f>owder,  having 
a  bitter,  acrid  taste,  and  a  chlorine-like  odor.  It  is  alkaline  in 
reaction,  soluble  in  cold,  and  decom[>osed  by  boiling  water.  It 
slowly  decomposes  in  the  air,  ihe  carbon  dioxide  liberating 
hyfwchlorous  oxide.  This  decomposition  is  hastened  by  sunlight 
and  heat, 

Ca(aO),  -h  CaCl.  +  aCO,  =  aCaCO,  -1-  20^ 

Diluted  mineral  acids  decompose  it  very  rapidly,  with  the  libera- 
tion of  chlorine. 

Oi(ClO), .  f-  CaCl,  +  4HCI  ^  aCaa,  f  aH,0  4-  aO,. 

The  application  of  chloride  of  lime  to  bleaching  and  disinfect- 
ing purposes  depends  upon  this  production  of  free  chlorine.  The 
amount  iliat  will  l>e  set  free  by  acids  is  called  the  available 
chlorine,  which  in  good  cliloride  of   lime  .should  be  at  least 


per  cent.     The  official   calx   chlorata  should  cont.iin  not 


less  than  35  per  cent. 


3H}  VSZ«SL    CaS3CSTftT. 

Calciairr  Oxide  — Line— Calx    L".  S..  Bt\  (CaO) — is 

c':ii:i'r:  -.i:rt  :  .-  :  7^  ::e  :x-ci:cj:e  or  arcruo.  On  a 
-kr-:e  s-i-c.  :  .i  ;r:-..ir?i  :-:r:-ner::il7  :t  Jieid^g  the  naxural 
ra:  •:"-i-r  !  ^::•^^c:-i  :r  ■l-.it':-:  :z.  -ji-;  *:oatf  nxrruces.  called 
;,— •;  i  !r.i.  1:  .*  i  ^r-^'i-v  tr.  izj.-rrcciK  solid,  alkaline  and 
•:i->":  .  :*.  ,-.  23  .:  :  :»i-^  ~:c  r.sc  i:  my  remptracnre  at  our 
c:'--.rLi- i.  '-''*  'e-  Jsf  -^;'--".-  i"-'^--  -a-iie  :«  ;hro*n  upon  it,  it 
':e:-.r?  r  j-- its:^-:.  j- i  -•...:?  jj:  -x:re=:tfS"  iD'cosCp  white 
'/Jr.'..  Til':!.™.  :r  rr-i:r-:.:-.i  !  .:h:.  I:  comlincs  cnergeti- 
•zi.l/  *.:■-  -^iirr  ::  "zrtu  :.-e  'z>i:-:\ie,  :he  process  being 
kr.:T-  is  slaking,  izi  :>  xzztz^i^i  »::2  lie  evor^tion  of  much 
hea:. 

I:  is  r^^z  :":r  r^^irj:  '?::\Sr.z  mcrtir.  When  exposed  to  the  air 
♦or  5*:r.:e  .-:a>^.  ::  a':-*or:'*  :i:o:>:jre-  becomes  air-slaked  and 
crjrr/r'rs  :o  s  Towvier. 

Calcium  Hydroxide — Slaked  Lime-Calcii   Hydras 

Hr.  .  <.j  <.>H  .  — :>  a  iry.  ar::e  lOAvicr.  vxiorle^,  and  alkaline 
ir.  rtactiori.  li  :s  ilL'ht'.v  >o'»-:l'-e  :r.  co'.o  Jino  less  so  in  hot 
■.va:*r.  Plxrrise-:  t'>  the  a:r.  it  a:-**--:.*  cJir":or,  liicxiJe  and  forms 
ihe  rar-x^nate.  <.>r<iir.arv  niorrar  s  a  n:ix:i:re  of  slaked  Hme, 
wattr,  anfi  'j'lartz  ssr.d.  The  harcer.ir.^  of  mortar  depends  u|K>n 
tr.r're  ca-i-es:  i-t.  The  na:*:ril  evai oration  of  tre  water.  2d. 
'W.f.  ii]r-fjTyAon  of  car:  (IP.  cioxice  :"rom  the  air.  and  the  fonna- 
lion  of  <^'.c:im  carlonaie. 

Ca  OU  .  +  0\  ---  CaCO,  +  Up, 

y\.  The  action  of  the  basic  hydroxide  uiH>n  the  silicic  acid  of 
llio  vind,  producing  calcium  silicate. 

Ca(0»  ij  —  Si* ».  ^^  CaSiO,  -f-  HjO. 

'I  his  l;i-.t  reaction  takes  place  slowly;  hence  the  hardness  of  old 
!norl;jrs  Ilyflraulic  mortar,  or  cement,  contains  calcium  oxide, 
aliiininnrn  silicate,  and  ^luartz  powder  ;  its  hardening  depends 
prill*  ipally  upon  the  formation  of  calcium  and  alnniinuui  silicates. 

Lime  Water-Liquor  Calcis  {U.S,  Br.)— is  a  cleai^ 
wiliir.iird  •■olntifin  of  calcium  hydroxide  in  water. 

'I'hr  I  errcnta;^*:  of  ('a(()II;.^  varies  with  the  tem|)€rature.  It 
(onlains  ahont  0.17  per  cent,  at  the  ordinary  temperature,  but 
when  I  he  Innprrature  rises  the  solution  becomes  weaker. 

Cane  -.u^ar  increases  the  sohibilily  of  calcium  h\droxide,  with 
wliidi  it  forms  a  s;i('f  harate.     The  British  Liquor  calcis  sac- 
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charatus  is  a  solutioD  of  calcium  hydroxide  in  a  strong  solution 
of  cane-sugar, 

Syrupus  Calcis  (U,  S.  P.)  is  an  analogous  preparation. 

When  lime-water  coalains  an  excess  of  the  hydroxide,  render- 
ing it  turbid,  it  is  called  milk  of  lime. 

Calcium  Carbide  (C^Ca)  is  prcjiared  by  heating  in  an 
electrical  furnace  an  intimate  mixture  of  coal  tar  and  lune.  The 
mass  fuses  and  can  be  poured  out  of  the  crucible,  and  on  cooling 
is  found  to  be  composed  of  carbon  mixed  with  lustrous,  dark- 
brown  or  black  masses  of  calcium  carbide.  These  masses  are 
hard  and  brittle,  giving  a  crystalline  fracture.  On  exposure  to 
moist  air,  it  decomposes  and  loses  its  lustre.  The  most  interesting 
proi>erty  of  CjCa  is  its  decomposition  when  brought  in  contact 
with  water. 

CjCa  +  H,0  =  C,Ha  -f-  CiO. 

Calcium     Water.  Acetytene.  Calcium 
Cubide.  Oxide. 

The  acetylene  produced  is  pure  and  burns  with  a  smoky  flame. 
When  diluted  with  from  6  to  lo  volumes  of  air,  it  gives  a  flame 
of  great  brilliancy  and  intensity.  This  compound  is  interesting 
because  it  can  \>e  cheaply  made,  and  serves  to  bridge  over  the 
gap  between  inorganic  and  organic  substances,  and  allows  us  to 
pr»:i>are,  on  a  manufacturing  scale,  an  organic  compound  from 
the  elements. 

Calcium  Sulphate  (CaSO,)  occurs  very  abundantly  in 
nature  as  gypsum,  in  right  rhombic  prisms,  combined  with  two 
molecules  ot  water.  The  anhydrous  salt  forms  the  mineral 
anhydrite.  It  is  very  sparingly  soluble  in  water  At  ordinary 
tcmi>eraturesone  part  dissolves  m  400  parts  H,0.  Ground  gypsum 
is  used  in  the  arts  under  the  name  of  terra  alba.  When  heated 
to  about  i2Q°  C.  (24S''  f,),  it  pans  wiih  its  water,  becoming 
converted  into  an  o|>aque  white  mass,  which,  when  ground,  is 
called  Plaster  of  Paris. 

Calcii  Sulphas  Exsiccatus  (U.S.  P.),  (Dried  Gypsum), 
contains  about  95  per  cent,  of  CaSO^  and  about  5  i»er  cent,  of 
water.  It  is  prepared  by  heating  pure  native  gyf»stmi  (CaSO,. 
2M,0)  until  about  three-fourths  of  the  water  is  exi>elled. 

This  jiowder.  mixed  with  water,  takes  up  two  molecoles  and 
hardens  into  a  stone-like  solid.  Upon  this  property  de^iends  the 
usefulness  of  pl:ii>ler  for  making  moulds,  Agures,  and  immovable 
snrgirat  dressin^js. 

Calcium  Phosphates— Tricalcic— Neutral — or  Bone 
Phosphate— Calcii  Phosphas  Praecipitatus  (L*.  S.  I')— 
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Calcis  Phosphas  (Br.),  (Ca,rPO,\) — is  found  in  rocks,  and 
especially  in  the  mineral  apatite, 

and  in  soils,  in  guano,  in  the  ash  of  plants,  and  in  every  tissue 
and  fluid  of  animal  bodit^. 

It  may  be  prepared  pure  by  dissolving  bone  ash  in  hydrochloric 
acid,  filtering,  and  precipitating  with  ammonium  hydroxide : 

c:«,(Poj.  +  4Ha  =  c»H.(po.),  +  aca^ 

C*H,(POJ,  -f.  2C»a,  -f  4SHpH  -  C»,(PO,),  -f  4SHJC\  +  4H,0. 

Also,  by  double  decomposition  between  calcium  chloride  and  an 
alkaline  phosphate.  It  is  a  gelatinous  mass  whtrn  first  precipi- 
tated, but  after  drying,  a  white,  amoq^hous  powder.  It  is  in- 
soluble in  water,  but  readily  soluble  in  dilute  acids,  even  acetic  ; 
also,  in  water  charged  with  carbon  dioxide.  An  impure  trical- 
cinm  phosphate,  prepared  by  burning  bones,  is  known  as  bone- 
ash. 

Dicalcium  Phosphate,  Ca.H,(PO,),,  separates  as  an  amor- 
phous insoluble  jirccipitate,  when  disodium  phosphate  is  added 
to  a  strong  solution  of  calcium  chloride  mixed  with  a  little  acetic 
acid. 

Monocalcium  Phosphate — Acid  Calcium  Phosphate 
— Superphosphate  of  Lime,  CaH,(POj^— is  found  in  brain 
tissue  and  in  acid  animal  fluids.  It  is  produced  by  the  action  of 
sulphuric  or  hydrochloric  acid  uj)on  the  first  two  phosphates,  and 
is  manufactured  as  a  fertilizer,  mixed  with  calcium  sulphate,  by 
decomposing  bones  with  sulphuric  acid. 

Cft,(l*0,),  -f  2H,SC>,  ^  CaH,(PO,),  +  2CaSO^. 

At  a  temi>erature  of  200°  C.  (392°  F.)  it  splits  up  into  calcium 
pyrophosphate,  ractaphosphoric  acid,  and  water. 

2Cj<H,PO,),  ^  Ca,P,0,  4-  iHPO,  -f  jH^O. 

When  this  mixture  is  ignited  with  charcoal,  the  metaphosphat< 
is  formed,  and  reduced  to  phosphorus  and  Ca^frO/^. 

Calcium  Carbonate  —  Calcii  Carbonas  (U.  S.  P.  Br.),] 

(CaCOj — is  of  exceedingly  wide  distribution  in  nature.  Il 
cxittts  sometimes  in  enormous  deposits,  as  limestone,  marble, 
chnik,  Iccl.Tnd  spar,  and  as  the  mineral  basis  of  the  corals,  shells 
of  the  Crustacea,  moUusks,  etc.  Chalk  is  a  comparatively  pure, 
amorphous,  calcium  carbonate,  made  u]j  of  microscopic  shells. 
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Calcium  carbonate  is  nearly  insoluble  in  pnre  water,  but  dis- 
solve»  readily  in  water  containing  carbon  dioxide.  Hence,  we  find 
ii  dissolved  in  nearly  all  natural  waters,  as  an  acid — or  bicarbonate 
(CaH,(COj),),*  giving  rise  to  temporary  hardness,  l-toillng,  agi- 
tation, or  free  ex|.>osure  to  the  air  may  decompose  this  salt,  and 
deposit  the  ordinary  calcium  ciirbonate.  Upon  this  defiends  the 
forrantion  of  stalactites,  boiler  incrustations,  and  similar  deposits. 

Calcii  Carbonas  Praecipitatus  (U.  S.  P.)  is  made  bypou^ 
ing  together  sohilions  of  calcium  cliloride  and  sodium  carbonate. 
Double  decomposition  takes  place,  aud  CaCOj  is  i)recipitated. 

CaCl,  +  Na,CU,     z  CaCO.  -f-  sNaCl. 

The  white  precipitate  of  calcium  carbonate  is  filtered  off,  washed 
with  water  and  dried.  Prepared  chalk — creta  prseparata 
(U.  S.,  Br.) — is  a  native  clialk,  purified  by  clutriation,  which 
consists  in  grinding  the  chalk  in  water,  alJowiug  the  muture  to 
partially  subside,  decanting  the  upper  jiortion,  and  collecting  and 
drying  the  fine  particles. 

Calcium  Oxalate  {Ca.Cfi^)  is  fouad  in  the  juice  of  some 
plants  and  in  the  urine.  It  may  be  obtained,  as  a  fine,  white, 
crystalline  [jowder,  by  adding  any  soluble  oxalate  to  a  soluble 
calcium  salt  dissolved  in  a  neutral  or  alkaline  solution, 

It  is  insoluble  in  water  and  acetic  acid,  but  soluble  in  the  mineral 
acids.  In  many  diseased  conditions  which  jirodure  deficient 
oxidation,  or  excessive  produttion  of  acids  (hmg  disease  and 
acid  dyspepbia),  it  occurs  in  the  urine  in  considerable  (piaiuilies, 
and  gives  rise  to  oxaluria,  or  the  oKalic  acid  diathesis.  This 
salt  frequently  forms  calculi,  which  present  irregular  projections, 
and  have  received  the  name  of  mulberry  calculi.  Excessive  sac- 
charine diet,  or  excessive  consumption  of  certain  vegetables,  as 
tomatoes,  rhubarb,  etc.,  increase  the  production  and  elimination 
of  calcium  oxalate. 

Calcii  Hypophosphis  (U.  S.  P.).  (Ca(PH,0,),)  is  made  by 
boiling  together  calcium  hydroxide  and  phosphoms  until  combi* 
nation  is  complete,  and  phosphoreited  hydrogen  (PH,)  ceases  to 
be  evolved, 

3Cft(OII),  +  2?,  4-  6H,0  -  3C«(PH,0,),  +  aPH^ 

The  solution  is  then  filtered,  evaporated,  and  granulated.  It 
is  generally  obtained  as  a  white  granular  jxjwder,  having  no  odor, 
but  a  nauseous,  bitter  taste. 
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Calx  Sulphurata— Crude  Calcium  Sulphide  (U.  S  P.). 
— This  is  iii3(Je  by  mixing  together  dried  calcium  ^ulphate  and 
pov^dered  charcoal,  and  heating  to  bright  redness  in  a  loosely- 
covered  crucible,  until  the  black  color  of  the  mixture  hasdisaj)- 
peared.  It  is  a  mixture  containing  about  60  per  rent,  of  CaS, 
with  CaSO,  and  carbon  in  varying  proportions.  It  lias  a  pate 
gray  color,  and  a  slight  odor  of  H,S. 

♦Physiological  EJffects  and  Uses. — The  calcium  salts 
play  an  important  [jart  in  the  animal  economy.  The  phosphates 
are  found  in  every  tissue  and  fluid  of  the  body,  but  most  abun- 
dant in  the  bones  and  teeth;  the  former  containing  from  55  to 
59  |>er  cent.,  and  the  latter,  including  the  carbonate,  72  per  cent. 
As  the  salts  of  lirae  are  insoluble  in  alkaline  fluids,  varioiLs  the- 
ories have  been  put  forward  to  explain  their  state  in  the  blood  and 
other  alkaline  fluids.  It  seems  certain  tliat  the  calcium  of  blood 
serum  does  not  exist  as  phosphate,  but  as  some  soluble  s.ilt  or 
albumin  comjxjund,  soluble  in  alkaline  fluids.  The  calcium 
phosphate  of  the  urine  remains  in  solution  as  long  as  that  fluid  is 
acid,  but  sej>arales  as  an  amorphous  or  crystalline  sediment  as 
soon  as  it  undergoes  alkaline  fermentation.  Alkaline  urit^  is 
always  turbid.  When  taken  internally,  the  calcium  salts  produce 
effects  similar  to  those  of  sodium  and  potassium,  but  milder. 
They  have  a  mild  astringent  effect. 


STRONTIUM. 

Sr  -  B7.6. 

Strontium  is  rather  sparingly  found  in  nature.  The  principal 
minerals  are  strontianite  (SrCOj^and  celestite  (SrSOj.  It 
is  a  brass-yellow,  lustrous  metal,  whi(  h  resembles  calcium  in  its 
pro|jerties,  as  also  do  its  compounds.  This  element  exhibits 
most  of  the  proiJCrties  of  calcium  and  barium.  Stroniium  may 
l>e  made  by  decomposing  the  chloride  by  electricity.  Its  cum - 
}M)uiuls  impart  a  red  tinge  to  the  flame,  and  for  this  reason  the 
nitrate  is  used  as  a  constituctu  of  red  fires.  The  solubility  of  its 
stdphate  stands  between  that  of  calcium  and  barium.  It  has 
been  used  in  medicine  as  an  idteraiivc.  Its  salts  are  poisonous 
only  in  larj^c  qnantiiit's. 

Strontium  Chloride  (SrCl,.6H,C>).— This  salt  may  be  pre- 
|»ared  by  treating  HCl  with  an  excess  uf  strontianite,  and  digest- 
ing the  mixture  for  some  time  to  allow  the  iron,  alinninum.  etc., 
to  sei»araie  from  the  solution,  which  may  then  be  drawn  olT  and 
evaporated.     On  cooling,  tins  concentrated  solution  deposits  aci- 
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cular  crystals,  having  a  bitterish  taste.     They  are  soluble  in  1.8 
p;irts  of  water,  are  sohible  in  alcohol  and  *leli(ni?soe  in  the  air 

Strontium  Bromide— Strontii  Bromidum,  U.  S.  P. 
(SrUr,.6H.,0). —  This  salt  may  be  prepared  by  saturating  hydro- 
bromic  acid  with  strontitmi  carbonate, 

2HBr  -h  SrCO,  =  SrBr,  +  CO,  +  H,0. 

The  dear  solution  is  concentrated  by  evaporation  and  allowed  to 

crj-siallize. 

Strontium  bromide  occurs  as  deliquescent,  colorless,  odor- 
less, transparent,  hexagonal  crystals,  and  having  a  bitter  saline 
taste.  It  is  soluble  in  1.05  parts  of  water  at  15°  C.  (59  F.).  It 
is  soluble  in  alcohol,  but  insoluble  in  ether.  The  crystals  melt, 
when  heated,  and  lose  all  llicir  water.  This  salt,  as  well  as  all 
the  salts  of  strontium,  imparts  an  intense  red  color  to  the  non- 
Inminous  flame.  It  is  used  in  medicine  in  doses  of  one  lo  20 
grms.  per  day. 

Strontium  Iodide— Strontii  lodidum,  U.  S.  P.  (SrL- 
6H,( )). — This  salt  is  prepared  by  saturating  hydriodic  acid  with 
strontium  carbonate. 

aHl  -f  SrCO,  =  Sri,  +  CO,  -h  11,0. 

The  solution  is  then  evaporated  and  allowed  to  crystallize. 

Strontium  iodide  occurs  as  colorless,  odorless,  transparent, 
hexagonal  plates  having  a  bitterish  saline  taste.  They  deliquesce 
and  turn  yellow  on  exposure  to  the  air.  The  cr}stals  are  soluble 
in  0.6  j>art  of  cold  water,  and  are  soluble  in  alcohol,  and  slightly 
so  in  ether.  When  heated  they  melt  and  gradually  lose  their 
water.  At  a  red  heat  they  decompose,  giving  off  iodine  and 
leaving  a  residue  of  strontium  oxide.  This  salt  is  used  in  medi- 
cine. 

Strontium  Monoxide  (SK)),  Strontium  Dioxide  (SrO,) 
and  Strontium  Hydroxide  (SrO^H,)  are  known. 

Strontium  Nitrate  {Sr(NO,),},  prepared  by  dissolving  the  car- 
bonate in  nitric  acid,  has  been  recommended  in  articular  rheu- 
matism. Jt  occurs  as  colorless  crystals,  soluble  in  5  jmrts  of  water 
and  permanent  in  the  air. 

Strontium  Phosphate  (Sr^i ;P()^),^'),  a  white,  tasteless  powder 
sparin^dy  soluble  in  water.  Strontium  Acetate  (Sr(C,H,,0/),"), 
Strontium  Carbonate  (SrCOj  and  Strontium  Sulphate 
(SrSOj)  have  been  somewhat  used  as  medicines. 

Strontium  Lactate— Strontii  Lactas.  U.S.P.(Sr(C,HjO,) 
r^H/)). — *i"his  salt   m;iv  be   prepared  by  s;iturating  a  solution 
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of  lactic  acid  with  SrCO,.  It  is  a  white  granular  powder,  or 
crystalline  nodules,  odorless,  and  having  a  slightly  bitter,  saline 
taste. 

It  is  permanent  in  the  air,  and  soluble  in  4  fjarls  of  water  at 
'5°  C.  (59°  K. ),  and  soluble  in  alcohol.  It  loses  its  water  at 
110°  C.  (230°  F.).  It  has  been  used  in  renal  diseases  associated 
with  albuminuria,  and  as  a  txnifiige. 

It  is  given  in  15  to  40  grain  doses. 


BARIUM. 

Rarium  is  found  in  nature  in  the  form  of  barite,  BaSO^,  and 
also  as  ■witheritc,  HaCO^. 

The  element  itself  is  not  of  interest  to  the  medical  student. 

Barium  Chloride  (BaCl,  -[-  Aq. )  is  |iref>ared  by  the  action 
of  hydrochloric  acid  upon  the  native  carbonate,  Ubing  an  excess 
of  the  latter,  and  allowln;/  the  mixture  to  stand  a  hw  days  to 
allow  the  iron  and  other  metals  to  precipitate.  It  is  used  as  a 
reagent  for  soluble  sulphates,  giving  a  white  precipitate,  insoluble 
in  acids  or  water. 

It  has  t>cen  used  in  medicine  as  an  alterative  and  anthelmintic. 

Barium  Oxide— Baryta  (HaO)  -is  obtained  by  calcining  the 
nitrate.  It  is  a  grayish-white,  caustic  ptowder,  fusible  in  the  oxy- 
hydrogen  flame.  It  unites  with  water,  with  the  evolution  of 
much  heal,  to  form  the  hydroxide  BaH^O^-  This  dissolved  in 
water  forms  Iwryta  water. 

Barium  Peroxide— Barii  Dioxidum  (U.  S.  P.),  (BaO,)  — 
is  a  white  powtler  decomposed  by  dihited  acids,  with  the  produc- 
tion of  hydrogen  jieroxide.  It  is  the  only  ofhcial  compound  of 
barium.  It  is  made  by  heating  the  oxide  to  a  red  heat  in  the  air 
or  in  oxygen.  If  the  heat  is  raised  too  high,  the  oxygen  which 
was  at  first  absorbed  is  again  given  off. 

2BaO  f  O,  =  2BaO,. 
2BaO,  =  2BaO  -f-  O,. 

This  power  of  absorbing  oxygen  from  the  air,  and  giving  it  off 
again  at  a  higher  temperature,  has  been  used  in  manufacturinj 
oxygen. 

It  is  also  used  for  mnVing  hydrogen  peroxide. 

Barium  Nitrate  (BaCNOj),) — forms  anhydrous,  octahedral 
crystals  of  the  regular  system,  soluble  in  water,  aud  used  as  a 
constituent  of  pale-green  theatre  fires. 
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Barium  Sulphate  (BaSO  J  Heavy  Spar  or  Barite,  occurs 
in  nature  in  rhonihic  prisnis  and  amorphous.  Sp.  gr.  4.6.  It  is 
obtained  as  a  while  amorphous  powder,  insoluble  in  acids  and 
water,  by  the  action  of  sulphuric  acid  up.m  barium  salts.  It  is 
used  as  an  adulterant  of  white  paint,  Paris  green,  and  a  variety 
of  other  commercial  products. 

Barium  Carbonate  (UaCO^)  also  occurs  native  as  witherite. 
It  precipitates  from  solutions  of  barium  sails,  as  a  white  amor- 
phous powder,  when  they  are  treated  with  sohible  carbonates. 

Physiological  Effect  of  Barium  Salts. — All  the  soluble 
compounds  of  barium,  as  well  as  those  that  are  converted  into 
soluble  compounils  in  the  stomach,  are  poisonous.  Wlienever  a 
poisonous  dose  has  been  taken,  the  patient  should  take  some^ 
soluble  sulphate  (as  Epsom  or  Olauber's  salt),  followed  by  aa< 
emetic.  The  symptoms  of  poisoning  are  pain  in  stomach,  pros- 
tration, dilated  pupils,  loss  of  voice,  sight,  or  liearing,  excessive 
micturition,  and  other  very  prominent  nervous  symptoms.  Post- 
mortem, inflammation,  and,  in  mi^st  cases,  great  friability  of  the 
stomach,  and,  invariably,  inflammation  of  the  rectum  are  found. 

I        GROUP  III.— METALS  OF  THE  MAGNESIUM 
H  GROUP. 

I  ean 

I  tog 


Mag^nesium,  Mg       34. 

Zinc,  Zn  -^  65.3. 

Cadmiuni,  Cd  -=  1x2. 

Mercury,  Hg  —  aoo. 

MAGNESIUM. 


Magnesium  was  formerly  classed  with  the  metals  of  the  alkaline 
earths,  but  its  sulphate  is  soluble  and  its  chloride  volatile,  which, 
together  with  its  j)roi>erties  in  the  free  state,  show  it  to  be  more 
closely  related  to  zinc. 

Occurrence. — It  is  found  abundantly  in  nature.  Some  of  the 
mo<t  common  minerals  containing  it  arc  magnesite,  Mg.  CO,; 
kieserite,  Mg.  SO,,  H,0,  carnallitc,  KCI.Mg  CI,  .6  H,0,  and 
dolomitd,  MgCaCO,. 

Dolomite,  an  amorphous  mixture  of  calcium  and  majj;nesium 
carlKinates.  forms  the  so-called  magnesian  limestone.    Asbestos, 
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serpentine,  meerschaum,  talc  or  soapstonc,  and  horn 
blende  arc  native  silicates.     Nearly  all  natural  waters  contain 
some  of  the  soluble  salts  of  inagnesinni,  which  inij>art  hardness 
to  them. 

Preparation. — It  may  be  obtained  cither  by  electrolysis  of 
the  chloride,  or  by  heating  the  same  compound  with  sodium. 
U    was    formerly    prei^ired    by    fusing   the  double  chloride   of 
sodium  and  magnesium  with  metallic  sodium. 

MgCI,.Naa  +  3Na  =  jNaCl  +  Mg. 

It  is  now  generally  prepared  by  the  electrolysis  of  the  fused 
chloride,  or  the  native  carnallite. 

The  electrolysis  is  conducted  in  a  steel  vessel,  which  is  made 
the  negative  pole,  and  the  positive  \)o\g  is  made  of  gas  retort  car- 
bon. The  current  is  supplied  by  a  powerful  dynamo,  and  a  cur- 
rent of  hydrogen  is  led  into  the  chamber  during  the  reduction 
to  prevent  oxidation  of  the  metal.  It  is  then  purified  by  distil- 
lation in  an  atmosphere  of  hydrogen. 

Properties. — Magnthitmi  is  a  brilliant  white,  very  tenacious 
and  ductile,  metal  of  a  sp.  gr.  of  1.75.  It  fnses  a!  a  dull  red  heat, 
and  at  a  bright  red  heat  it  distils.  It  oxidizes  but  slightly  in 
the  air.  at  ordinary  temperatures,  but  wlicn  heated,  it  l)urns  with 
an  intensely  brilliant  bluish  white  light,  owing  to  the  incandes- 
cence of  the  magnesium  oxide  formed  in  the  btirning.  The 
flame  of  burning  magnesium  is  rich  in  chemically  active  or  actinic 
rays ;  hence  it  is  much  employed  for  photographing  in  dark 
caves  and  subterraneous  chambers.  It  combines  directly  with 
chlorine,  sulphur^  phosphorus,  arsenic  and  nitrogen.  It  is 
soluble  in  dilute  acids,  but  not  in  alkalies,  it  is  slowly  oxidized 
by  boiling  water. 

Magnesium  Chloride  (MgCl,)  exists  in  small  quantities  in 
many  mineral  springs  and  in  sea  water,  to  which  it  imparts  a 
bitter  taste.  It  may  be  obtained  by  dissolving  the  carl>onate 
or  oxide  m  hydrochloric  acid.  It  forms  deliquescent  crystals, 
isomorphous  with  calcium  chloride,  containing  6  molecules  of 
H,0.  The  anhydrous  chloride  is  one  of  the  most  deliquescent 
substances  known. 

Magnesium  Oxide  —  Calcined  Magnesia — Magnesia 
(U.  S.,  Br.),  (MgO) — is  formed  by  ihe  combustion  of  the  metal, 
or  by  the  ignition  of  the  carbonate,  hydroxide,  or  nitrate.  It  is 
a  very  light,  white  powder,  without  otlor  or  taste,  and  has  a  feeble 
alkaline  reaction.     It  is  soluble  in  ililuted  acids. 
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A  compact  Tiiric'jr,  prepared  by  heating  the  nitrate  or  chloride  to  bright 
redness,  and  no  hi|;her,  exhibit*  remarkable  hydraulic  properties.  If  moiMened 
with  water  lo  a  paste,  it  i)uickly  hanlcrs  lu  a  compact  while  iwlid,  of  ^rcat 
hardneu  and  dural>ility.  If  it  t>e  mixed  with  an  equal  part  of  marble  duM  or 
chalk, and  moistened,  it  n'ay  l>e  moulded  into  any  dc&ired  shape,  and  on  txring 
placcti  in  water,  il  '*^ets"  into  an  extremely  bard  mass.  It  has  been  used  as 
a  filling  for  decayed  leHh. 

Magnesia  Ponderosa  (U.  S.  P.),  or  htavy  magnesia,  does 
not  differ  in  thcmical  composition  from  the  light  variety,  but  it 
diflfers  merely  in  its  physical  condition. 

Magnesium  Hydroxide — HydratedMagnesia.MgfHO), 
— is  formed  trom  aiiysoliiWe  magnesium  salt  by  precipitating 
wiih  soditmi  or  potassium  hydroxide.  It  is  almost  insoluble  in 
water  and  alkalies,  but  soIuIjIc  in  ammonium  salts  with  the  for- 
mation of  douVile  salts.  A  mixture  holding  it  in  susi>ension  in 
water,  known  as  milk  of  magnesia,  is  used  in  medicine  as  a 
laxative  and  as  an  antidote  for  at  id  poisons. 

Magnesium  Sulphate — Epsom  Salt — Magnesii  Sul- 
phas (U.  S.  I'.)-Magnesiae  Sulphas  (Br.),  (MgSO,).;!!^ 
— is  found  in  solution  in  sea  waters  and  in  many  mineral  springs, 
especially  those  belonging  lo  the  class  of  bitter  ivaters. 

It  is  prepared  by  the  action  of  sulphuric  acid  u[ton  magnesium 
carbonate.  At  ordinary  temi>eratures  it  crystallizes  with  7  mole- 
cules of  HjO,  in  four-sided  rhombic  prisms,  which  are  very 
readily  soluble  in  water.  When  heated,  it  fuses  and  parts  with 
its  water  of  crystallization  up  to  132**  C.  (269.6°  F.),  when  it 
has  lost  all  but  one  molecule;  this  it  finally  parts  with  when 
heated  to  200°  C.  (392"  F.).  One  molecule  of  water,  therefore, 
is  more  cloi-cly  combined  than  the  rest.  That  is  known  as  the 
Water  of  Constitution. 

Magnesium  Phosphates.— These  resemble  the  calcium 
phosphatts,  which  they  generally  accom()any  in  the  animal  body, 
though  usually  existing  in  smaller  cjuantities.  Mai^nesium  also 
forms  double  phusphates,  one  of  which,  the  Ammonio-mag- 
nesium  phosphate,  or  triple  phosphate  (MgNH,l'0^. 
6ll,(J).  is  precipitated  when  an  excels  of  an  alkaline  phosphate 
and  of  ammonia  is  added  to  a  solution  cnniaming  magnesium. 
When  the  urine  becomes  ammoniacal  from  the  decomix)silion  of 
urea,  this  salt  is  precipitated,  as  urine  always  contains  alkaline 
phosphates  and  magncsiimi  salts.  Being  practically  insoluble. 
especially  in  the  presence  of  excess  of  phosphates  and  of  ammo- 
nia, it  is  usually  deposited  from  the  urine  as  a  sediment,  in  the 
shape  of  modified  right  rhombic  prisnis,  which,  under  the  micro- 
scope^  resemble  the  shape  of  a  coffin  lid.     This  sometimes  lakes 
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place  in  the  bladder,  and  if  some  body  is  present  that  will  act  as 
a  nucleus,  ihe  so-called  fusible  calculus  may  form. 

Magnesium  Carbonate — Neutral  Carbonate  (MgCO,) 
— occurs  ill  nuttirc  as  magnesite,  and,  comhined  with  calcium 
carbonate,  in  dolomite.  On  adding  an  alkaline  carbonate  to 
an  aiiueotis  solution  of  a  magnesium  salt,  magnesium  carbonate  is 
not  produced,  as  most  other  carbonates  would  be  under  similar 
circumstances,  but  some  carbon  dioxide  escai>es,  and  a  white  pre- 
cipitate falls,  which  is  a  mixture  of  magnesium  carbonate  and 
hydroxide,  or  magnesia  alba. 

Tetramagnesium  Carbonate — Magnesia  Alba — Mag- 
nesii  Carbonas  (U.  S.  P.),  Magnesiac  Carbonas  { Br  ).  (4 
(MgC()j.(MgHjOj  i  5HjO)— occurs  in  commerce  in  light  white 
cubes,  composed  of  an  amorphous  or  partly  crystalline  powder. 
It  is  pre|xired  by  precipitating  a  solution  of  magnesium  sulphate 
with  one  of  sodium  carbonate.  A  hot  concentrated  solution 
should  be  used,  and  the  li'|uid  boiled  after  precipitation.  This 
comjx>und  varies  in  conslilutioa  according  to  the  length  of  time 
that  the  boiling  has  continued  and  the  presence  or  absence  of 
excess  of  sodium  carbonate.  It  is  very  slightly  soluble  in  water, 
but  quite  soluble  in  solutions  of  ammonium  chloride. 

tMagnesii  Citras  cffervesccns  is  a  granular  salt  consisting 
of  citrate  of  magnesium  with  an  excess  of  citric  acid,  and  some 
sodium  bicarbonate.  When  dissolved  in  water  it  effervesces 
copiously,  carbon  dioxide  being  evolved.  It  has  a  mildly  acidu- 
lo\is  and  refreshing  taste. 
ZINC. 
2n  -  6s.i. 
Occurrence. — The  native  compounds  of  the  heavy  metals 
are  termed  ores.  The  most  common  zinc  ores  are  Smith- 
sonite  (ZriCO,.),  Calamine  (Silicate,)  and  Sphalerite  or 
Blende  (ZnS)  These,  like  most  ores,  have  a  high  specific 
gravity,  and  are  usually  found  in  veins  in  the  older  crystalline  rocks. 
Preparation. — To  obtain  the  metal,  one  of  its  ores,  usually 
the  carbonate  or  sulphide,  is  converted  into  an  oxide  by  roasting 
at  a  high  temperature.  This  oxide  is  then  mixed  with  carbon 
and  ignited  in  cylindrical  earthenware  retorts,  reducing  the 
V    /oxide  thus  : — 

ZnO  -I-  C  =  Zn  +  CO. 

The  free  rinc  is  then  distilled  off,  and  condensed  in  iron  receivers, 
which  are  placed  like  cajjs  over  the  oj>ening  of  the  retorts.     The 
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metal  so  obtained  forvas  the  spelter  of  comroerce,  and  con- 
tains various  impurities,  such  as  iron,  lead,  arsenic,  stilphur,  and 
cadmium. 

Zinc  is  purified  by  subjecting  it  to  a  second  distillation.  This 
is  generally  conducted  in  a  covered  vertical  retort,  which  is  pro- 
vided with  a  tube  which  passes  through  its  l>ottom.  The  u[»per 
end  of  this  tube  reaches  nearly  to  the  top  of  the  retort,  and 
its  lower  extremity  is  just  above  a  vessel  of  water.  When  the 
zinc  is  heated  in  this  retort,  it  volatilizes,  and  passes  down  the 
tube,  and  is  condensed  in  the  water.  This  method  is  known  as 
"distillation  per  decentum/' 

Properties, — It  is  a  l)liush-white  metal,  roughly  crystalline 
or  granular  ;  its  specific  gravity  is  6  S62,  if  cast ;  7  215,  if  rolled. 
It  is  brittle  at  ordinary  temperatures  and  can  be  pulverized  ;  at 
too*  C.  (212*'  F  )  to  150°  C.  (302^  F.).  it  is  malleable  and  duc- 
tile, and  may  be  rolled  into  thin  sheets.  At  200°  C.  (392"^  F.) 
it  again  becomes  brittle.  It  fuses  at  412*'  C.  (773*^  F.),  and 
distils  at  1040'^  C.  (1904°  F.).  In  moist  air  it  becomes  coated 
with  a  thin  layer  of  basic  carbonate.  When  heated  in  the  air,  it 
burns  with  a  very  intense  bluish-white  light,  with  the  formation 
of  the  oxide.  It  dissolves  readily  in  diluted  acids  with  the 
evolution  of  hydrogen.  Concentrated  sulphuric  acid  does  not 
dissolve  zinc.  It  is  soluble  in  sodium,  potassium,  and  ammonium 
hydroxides.  On  account  of  the  sligbt  action  of  the  air  upon  it, 
zinc  meets  with  extensive  ap])lication  in  architecture,  and  for 
galvanizing  or  coatin;^  iron.  Zincum  is  official  in  the  U.  S.  P, 
in  the  form  of  thin  sheets,  or  granular  pieces,  or  moulded  into 
pencils,  or  in  [xjwder  form.  Granulated  Zinc  is  made  by  melting 
the  metal  and  pjuring  it  into  water. 

Zinc  Chloride— Butter  of  Zinc  — Zinci  Chloridum 
(U.  S.  P.,  Br.),  (ZnCI,^)— is  obtained  by  heating  zinc  in  a  stream 
of  chlorine,  by  dissfilving  zinc  in  hydrochloric  acid,  and  by  the 
distillation  of  zinc  sulphale  with  calcium  chloride.  It  forms  a  soft 
while  mass,  which  15  very  deliquescent,  u  fusible  and  vulatde.  It 
is  extremely  soluble  in  water,  and  freely  so  in  alcohol.  The  solu- 
tion has  a  burning  metallic  taste,  destroying  animal  and  vegetable 
tissues,  and  jMjssessing  strong  dehydrating  properties.  It  forms  a 
series  of  double  salts.  The  double  chloride  of  zinc  and  ammonium 
is  sometimes  used  in  soldering,  to  cleanse  the  surface  of  metals 
to  be  stldered. 

Zinci  Bromidum  (ZnBr,)  (U.  S,  P.)  may  be  made  by  dis- 
solving zinc  in  hydrobromic  acid,  or  by  the  direct  combination 
of  zinc  and  bromide. 
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aZn  +  4HDr »  2ZnUr,  -f  H^. 

It  is  a  white  granular  jxiwiler.  having  no  odor,  but  a  sharp  metallic 
taste,  very  soluble  in  water  and  in  alcohol,  and  very  deliquescent. 
Zinci  lodidum  ( Znl,)  (U.  S.  V.)  may  be  made  by  digesting 
small  fragments  of  zinc  in  water  containing  some  iodine,  or  by 
dissolving  zinc  carbonate  or  oxid  in  hydriodic  acid. 

ZnO  -f-  2HI  =  Znl,  +  H,0. 

The  solution  is  filtered  through  powdeied  glass  and  evaporated. 
It  is  a  deliquescent,  granular  white  odorless  powder.  It  is  soluble 
in  water  and  in  alcohol 

Zinci  Phosphidum  (Zn^P,),  (U.  S.  P.)  is  made  by  passing 
the  vapor  of  phosphorus  in  a  current  of  dry  hydrogen  gas  over 
fused  zinc.  It  is  a  dark  gray  colored,  gritty  powder,  or  frag- 
ments. It  has  a  metallic  lustre  and  a  faint  odor  of  phosphorus. 
It  is  insolul»le  in  water  or  alcohol. 

Zinc  Oxide^Zinci  Oxidum  (U.  S,  P.,  Br.),  (ZnO)— 
may  be  prepared  by  igniting  the  precipitated  basic  carbonate,  or 
by  burning  the  metal  in  a  current  of  air.  When  obtained  in  the 
former  way,  it  forms  a  soft,  white,  tasteless  and  odorless  powder. 
When  produced  by  burning  the  metal,  it  occurs  as  a  white, 
volununoiis,  flocculcnt  mass,  formerly  called  florcs  zinci  or 
lana  philosophica.  It  neither  fuses,  volatilizes,  nor  decom- 
poses by  heat,  and  is  insoluble  in  neutral  solvents.  It  is  used  in 
the  arts  as  a  white  pigment,  and  is  not  darkened  by  hydrogen 
sulphide,  as  is  white  lead. 

Zinc  Hydroxide  (Zn  (OH),)  is  formed  as  a  white  amor- 
phous powder,  by  precipitating  an  aqueous  solution  of  a  zinc  salt 
by  alkaline  hydroxides.  It  is  soluble  in  an  excess  of  the  alkaline 
hydroxidesand  in  sohiiions  of  ammonium  salts.  When  heated,  it 
decomposes  into  zinc  oxide  and  water. 

Zinc  Sulphate -White  Vitriol— Zinci  Sulphas  (U.  S. 
P.,  Br.  J,  (/nS(J,.7H,0) — is  fonned  by  dissolving  zinc,  or  its 
oxide,  sulphide,  or  carbonate,  in  sulphuric  acid. 

aZa  -f  aHjSOj  a=  aZnSO^  +  aH^ 

ZnO  +  H,SO^  =  7^SO^  -f  H,0. 

ZnCO,  -f  H^^  =  ZnSO,  +  CO,  -f  H,0. 

At  temperatures  below  30**  C.  (86^  F.),  it  crystallizes  with  yAq  ; 
at  30'  C.  (86°  F.).  with  6  .\q.  ;  between  40='C.  (104°  F.)  and 
SO*' C.  (122*  F.),  with  5  Aq.  The  most  common  salt  is  that 
Willi  7  Aq.,  which  occurs  in  rhombic  cr\stals  resembling  m.igne- 
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cine  as  an  emetic  and  astringent. 
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^r/         Zinci  Acctas  ( U.  S.  P.)  (Zn  (C^Hfi,),)  .jUfi,  is  made  by 
*jfs^     dissolving  the  carbonate  or  oxide  of  zinc  in  diluted  acetic  acid, 
evaporating,  and  crystallizing. 

ZnO  +  2HC,H,0,  =:  Zn(C,H,0,),  -f-  H,0. 

Il  is  in  soft,  white  tablets  or  scales,  having  a  pearly  lustre,  a  faint 
odor  of  acetic  acid,  and  a  sharp  metallic  taste.  It  is  soluble  ia 
2.7  parts  of  water  at  I5*'C.  (59**  F.),  in  1.5  parts  of  boiling 
water,  and  in  36  parts  of  alcohol. 

Zinci  Valerianas  (Zn(C5H^O,).^.2H,0)  (U.  S.  P.)  is  in 
white,  pearly  scales,  having  a  strong  odor  of  valerianic  acid,  and 
a  peculiar,  sweet,  styptic,  metallic  taste.  Hvporied  to  the  air,  it 
U  decomposed,  giving  off  valerianic  acid.  Il  is  made  by  mixing 
hot  solutions  of  sodium  valerianate  and  zinc  sulphate,  and  allow- 
ing the  zinc  valerianate  to  crystallize  out. 

Zinci  Carbonas  Prccipitatus. — This  salt  is  made  by  mix- 
ing a  boiling  solution  of  sodium  carbonate  with  a  Ixjiling  solu- 
tion of  zinc  sulphate.  Mutual  decomposition  takes  place  and  a 
hydrated,  basic  zinc  carbonate  is  precipitated. 

Precipitated  Zinc  Carbonate. 

The  precipitate  is  washed  with  hot  water  and  dried. 

It  is  a  white,  imfxilpable  powder,  odorless  and  tasteless,  insolu- 
ble in  water  or  alcohol,  and  of  variable  chemical  com|x«ition. 
The  composition  of  the  precipitate  varies  according  to  the  tem- 
perature used. 

Toxicology. — The  compounds  of  zinc  that  are  sohible  in  the 
digestive  fluids  are  all  irritant  poisons.  Solutions  of  the  chloride 
(used  by  tinsmiths,  in  emlxilming,  and  a.s  a  disinfectant  in  Bur- 
nett's fluid)  arc  also  very  corrosive.  The  antidotes  are  alkaline 
carlx>nates,  soap,  albumin,  and  mucilage.  Solutions  containing 
sodium  chloride  or  organic  acids  act  as  solvents  uj)on  metallic 
zinc  ;  consequently,  symptoms  of  iK)isoning,  more  or  Ic^  marked, 
are  apt  to  follow  the  eating  of  acid  fruits  that  have  been  kept  in 
vessels  of  galvanized  iron.  On  th'S  account,  specimens  intended 
for  analysis,  in  case  of  supposed  poisoninij,  should  never  be 
placed  in  j.irs  closed  by  zinc  rai»s. 

Tests.— With  alkaline  hydroxides  and  carbonates, 
solutions  of  zinc  give  a  white  prt^cipitate,  soluble  in  an  excess  of 
the  reagent;  with  ammonium  sulphydrate  or  sulphydric 
24 
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I  acid,  in  neutral  or  alkaline  solutions,  a  white  sulphide ;   with 

I  potassium  ferrocyanide,  a  yellowish-white  precipitate,  insolu- 

l  bk  in  diluted  hydrochloric  acid. 
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Occurrence,  Preparation,  Properties,  etc. —  It  is  a  com- 
paratively rare  metal,  often  accompanying  zinc  in  its  ores.  Being 
more  volatile  than  its  associate,  it  accumulates  during  the  first 
stages  of  the  process  of  distilling  zinc  from  its  ores.  It  is  a  soft» 
white,  tenacious  metal,  of  specific  gravity  8.6.  It  alters  but 
little  in  the  air  at  ordinary  temperatures.  Heated,  it  burns,  with 
the  formation  of  the  oxides,  as  a  brown  smoke.  It  dissolves  with 
difficulty  in  sulphuric  and  hydrochloric  acids,  but  readily  in 
nitric  acid. 

Cadmium  Compounds. — These  are  not  very  numerous  or  im- 
portant. As  the  clement  is  bivalent,  they  all  have  the  general  for- 
mula, CdRj.  The  princi{>al  ones  are  :  cadmium  hydroxide  (Cd- 
(OH),),  cadmium  oxide  (CdO),  cadmium  chloride  (CdCl,), 
cadmium  iodide  (Cdlj),  cadmium  sulphate  (CdSO,),  and  cad- 
mium sulphide  (CdS).  The  latter  is  fotmd  native  in  the  mineral 
greenockite. 

Cadmium  iodide  and  bromide  are  used  in  photography.  The 
latter  itself  enters  into  the  composition  of  several  alloys,  which 
are  used  for  filling  teeth,  such  alloys  having  a  low  fusing  point. 
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Occurrence. —  Mercury  occurs  in  nature  principally  as  cinna- 
bar, HgS,  or.  rarely,  in  the  form  of  small  particles  of  metal  scat- 
teied  through  rocks.  It  is  found  in  Spain,  Peru,  China,  Jajjan, 
California,  and  Mexico- 
Preparation. — The  native  sulphide,  or  cinnabar,  is  roasted 
in  reverberaiory  furnaces,  ihushnrning  out  the  stilphtir,  and  dis- 
tilling off  the  mercury,  which  is  then  condensed.  Or,  it  is  some- 
times; simply  heated  with  iron,  which  combines  with  the  sulphur 
and  sets  free  the  mercury,  which  distils  over.  Commercial  mer- 
cury usually  contains  small  quantities  of  other  metals,  owing 
to  its  great  tendency  to  amalgamate  with  them.  To  remove 
these  it  is  re-distilled,  or  treated  with  very  dilute  acids  by  pour- 
ing it  in  a  thin  stream  into  them,    AVheu  pure,  mercury  [xjurs 
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from  a  glass  surface  without  leaving  a  streak ;  i.  ^.,  the  single 
droplets  retain  their  globular  form,  and  do  not  form  a  tali  or  ad- 
here to  the  glass. 

Properties. — Mercury  is  the  only  liquid  metal  at  ordinary 
temperatures.  Its  specific  gravity  is  13.596  At — 40°  C,  it  so- 
lidifies and  crystallizes  in  octahedra.  It  is  somewhat  volatile 
at  ordidary  temperatures,  and  boUs  at  360°  C.  (680°  F  \  Its 
vapor  has  a  density  of  100  ;  sj>ecific  gravity  6.97  (Air=:  i).  Its 
molecular  weight,  therefore,  is  aoo;  and  as  its  atomic  weight  is 
also  200,  its  molecule,  like  that  of  cadmium,  is  composed  of  one 
atom.  If  pure,  and  at  ordinary  temperatures,  it  is  not  altered  in 
the  air,  but  at  a  temperature  near  the  boiling  point  it  l>ecomes 
coated  with  a  thin  film  of  mercuric  oxide.  Hot  sulphuric  acid 
converts  it  into  mercuric  sulphate,  with  the  evolutio^  of  sulphur 
dioxide.  It  dissolves  readily  in  dilute  nitric,  but  not  in  hydro- 
chloric acid. 

Mercury  alloys  with  and  dissolves  all  metals  except  iron,  to 
form  amalgams.     Tin  amalgam  is  usetl  for  coating  mirrors 

Mercury  forms  two  series  of  compounds,  the  mercurous  and 
mercuric.  The  mercurous  are  less  stable,  and  contain  a  larger 
percentage  of  the  metal.  They  are  less  soluble,  and  consequently 
less  poisonous. 


trrcmrie. 

Mercurotu 

HgO 
HgS 
HgCI, 

IlRtO 
Hg,S 
Hg,CI, 

Mercuric. 


Mtrcu  rous. 


Hglj  Hg,I 

Hg  ^O.),       Hg,(NO,), 

"es«.         Hg,so, 

Mercurous  Compounds.  Mercurous  Chloride  — Pro-^ 
tochloride— Mild  Chloride  — Calomel— Hydrargyri  C  hlo- 
ridum  Mite  (U.  S.  P.)— Hydrargyri  Subchloridum  (Hr.), 
(HgCl  or  HgjClj) — is  usually  prepared  by  the  mutual  decom- 
position of  sodium  chloride,  mercuric  sulphate,  and  mercury. 
After  mixing  thoroughly  in  a  mortar,  the  mixture  is  heated,  when 
the  calomel  sublimes. 

HgSO,  +  aNttCl  +  Hg  -  No,  SO,  -I-  Hg.O,. 

By  this  method  mercuric  chloride  is  also  formed  in  varying  quan* 
titles,  and  should  be  removed  by  washing  the  product  with  boil- 
ing distilled  water,  until  the  washings  no  longer  form  a  precipi- 
tate with  ammonium  hydroxide. 

Menuric  chloride  may  be  detected  in  calomel  by  its  forming 
a  black  stain  upon  a  bright  iron  stirface  dipjied  in  a  mixture  of 
calomel  and  alcohol;  or,  by  the  production  of  a  black  stain  by 
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hydrogen  sulphide  in  water  lliat  has  Ixren  filtered  through  calo- 
mel so  contaminaied.  Calomel  crystallizes  when  sublimed,  in 
radiating  quadratic  prisms;  but  if  precipitated  from  solutions  of 
mcrcurous  salts  by  hydrochloric  acid,  it  forms  a  heavy,  white, 
amorphous  powder.  Ji^^ated  to  about  500*  C.  [932°  F.),  it  sub- 
limes without  fusing,  is  insoluble  in  cold  water  and  alcohol,  and 
dissolves  in  boiling  water  to  the  extent  of  i  part  in  12,000.  If 
boiled  for  a  long  time  with  water,  it  partly  decomposes,  mercury 
being  deiKJsited,  and  merruric  chloride  i>assing  into  solution. 
Strong  acids  convert  it  into  mercuric  salts  and  free  mercury. 
With  ammoninm  hydroxide  it  blackens,  with  the  formation  of 
mcrcurous  amidogen-chloride. 

HgjCl,  -h  aNH^OH  =  NH.Cl  -f-  NH,HgP  +  2H,0. 

Hydrochloric  acid  and  alkaline  chlorides  convert  it  into  mercuric 
chloride  ;  this  may  o<:ci]r  in  ihestonjachsof  persons  who  use  large 
quantities  of  salted  food,  as  on  board  ship.  Alkaline  iodides 
convert  it  into  mercnrous  iodide,  which  is  then  decomposed  hy 
an  excess  of  the  alkaline  iodides  into  mercuric  iodide  and 
mercury. 

Mcrcurous  Iodide— Protiodidc,  or  Yellow  Iodide  — 
Hydrargyri  lodidum  Viride  (U.  S.  P.,  Br,),  (Hgl  or  Hg,I,) 
— is  prei^red  hy  triturating  200  parts  of  mercury  with  127  parts 
of  iodine  and  a  little  alcohol,  until  a  green  paste  is  formed.  It 
may  also  l)e  prepared  by  precipitation  from  a  solution  of  Hg, 
(NO;),  with  KI. 

It  is  a  greenish-yellow,  amori^hous  powder,  insoluble  in  water 
and  alcohol.  It  turns  brown^  and  volatilizes  when  heated.  Light 
decomposes  it  into  mercuric  iodide  and  mercury.  When  n^oder- 
ately  heated,  il  becomes  red.  but  upon  cooling,  it  resumes  again 
its  yellow  color.  But  when  strongly  heated  it  is  decomposed 
into  the  red  mercuric  iodide  and  merrury. 

Mcrcurous  Oxide— Protoxide,  or  Black  Oxide  (Hg,0) 
— is  formed  by  the  action  of  sodium  hydroxide  upon  mcrcurous 
salts. 

Hg,(NO,),  -I-  iNaOH  =  Hg,0  +  aNaNO,  -\-  ll,0. 

It  is  a  brownish-black,  tasteless  powder,  which  sunlight  decora- 
poses  into  mercuric  oxide  and  mercury.  Mineral  acids  convert 
it  into  the  corrcs|)onding  mcrcurous  salts.     It  exists  in  the  lotio 


MBRCURV. 


277 


hydrargyri  nigri  (Hr),  or  black  wash.  This  is  made  by 
adding  calomel  to  lime  water. 

HgjCI,  4-  Ca(OH),  =  Hg,0  +  CaCI,  -f  H,0. 

Mercurous  Nitrate  (HgNO^  or  Hg„(N03)j)  is  formed  by 
digesting  an  excess  of  mercnry  with  a  somewhat  diluted  nitric 
acid,  until  short  prismatic  crystals  separate. 

6Hg  +  SHNOa  =  3Hg,(NO,),  +  4H,0  +  N,0,. 

The  crystals  effloresce  in  the  air.  Water  decomfKJses  this  salt 
into  the  acid  salt  which  goes  into  solution,  and  basic  mer- 
curic nitrate  (^'6^,,,,  )  which   separates  as  a  yellow  powder. 

Water  acidulated  with  nitric  acid  dissolves  it,  but  it  soon  oxi- 
dizes and  l>eromes  mercuric  nitrate.  By  adding  metallic 
mercury  to  the  solution,  this  oxidation  is  prevented  to  a  great 
decree,  or,  after  oxidation,  reduces  it  again  to  the  mercurous 
state. 

Hk(NO,),  4-Hg  =  Hg,(NO,V 

Mercurous  Sulphate  (Hg^SO,)  is  formed  by  gently  warm- 
ing an  excess  of  mercury  with  sulphuric  acid.  It  se]iaratiS  as  a 
yellow  crystalline  precipitate  when  sulphuric  acid  is  added  to  a 
mercurous  nitrate  solution. 

Mercuric  Compounds. —  In  these,  mercury  is  bivalent ;  they 
are  represented  by  ihe  formula  HgR,.  The  mercuric  comijounds 
are  always  formed  when  mercury  is  dissolved  in  an  excess  of  acid  ; 
when  the  opposite  is  the  case,  the  ous  compounds  are  formed. 
The  addition  of  metallic  mercury  to  the  mercuric  com|>ounds 
converts  them  into  mercurous  comi>ound.s,  while  oxidizing  agents 
produce  the  opposite  effect. 

Mercuric  Chloride— Bichloride — Corrosive  Sublimate 
^Hydrargyri  Chloridum  Corrosivum  (U.  S.  ?.).  Hy- 
drargyri Perchloridum  (lir),  (HgCl,) — may  be  produced  by 
dissolving  mercuric  oxide  in  hydrochloric  acid. 

On  a  large  scale,  it  is  prepared  by  subliming  a  dried  mixture 
of  mercuric  sulphate  and  sodium  chloride. 

HgSO^  -f-  iNnCl  =  HgCl,  +  Na^SO^. 

It  crystallizes  by  sublimation  in  rectangular  octahedra;  from 
solution,  in  fine,  right,  rhombic,  needle-like  i>risms.  At  ordinary 
temjjeratures,  it  dissolves  in  i6  (arts  of  water,  and  at  loo**  C. 
(212°  F.),  in  3  parts;  it  is  still  moie  soluble  in  alcohol.     It  dis- 
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solves  freely  in  hot  hydrochloric  acid,  which  solution  gelatinizes 
on  cooling.  lu  specific  gravity  is  5  4.  In  aqueous  solution,  it 
tends  to  reduce  to  calomel.  Sodium  or  ammonium  chloride 
prevents  this  change.  Zinc,  cadmium,  nickel,  iron,  lead, 
copjKrr,  and  bismuth,  remove  mjst  of  its  chlorine,  reducing  it 
cither  to  metallic  mercury  or  calomel.  Sulphuric,  nitric,  and 
hydrochloric  acids  all  dissolve  it  without  decomposition.  When 
its  a(]ueous  solution  is  treated  with  a  hydroxide  of  an  alkali, 
or  alkaline  earth,  a  yellow  precipitate  of  mercuric  oxide  (HgO) 
is  formed. 

This  is  formed  in  lotio  flava,  or  yellow  wash,  which  is 
made  by  mixing  30  grains  of  mercuric  chloride  with  a  pint  of 
limcr-watcr.  Mercuric  chloride  prevenis  jnttrefaction.  It  is  an 
excellent  antiseptic,  much  used  in  surgical  operations.  Its  solu- 
tion is  used  for  preserving  and  hardening  anatomical  specimens. 
With  albumin,  it  forms  a  white  pretipitJie,  insoluble  in  water, 
but  soluble  in  excess  of  albumin  solution,  or  in  solutions  of 
alknline  chlorides. 

Mcrcur- Ammonium  Chloride — White  Precipitate — 
Ammoniated  Mercury  —  Hydrargyrum  Ammoniatum 
(L'.  S..  \U.~),  ( NllJigClj— is  thrown  duwn  as  a  heavy  wliiic  pre- 
cipitate, by  adding  a  slight  excess  of  ammonium  hydroxide  to  a 
solution  of  mercuric  chloride. 

Hga,  +  aNH,OH  =  NH^HgCl  +  NH^Q  +  2ll,0. 

This  salt  is  sometimes  called  •*  amido-chloride  of  mercury,'* 
and  may  be  looked  upon  as  a  compound  of  mercury,  chlorine, 
and  amidogen  (NH,). 

Anniioiiiated  mercury  occurs  in  while  puKerutent  pieces,  or  in 
IKiwder.  It  lias  no  odor^  bui  an  earthy  and  metallic  taste.  It 
is  used  in  the  official  Unguentum  hydrargyri  ammoniati. 
It  is  insohihle  in  alcohol,  ether,  and  cold  water.  Hot  water 
decomposes  it,  with  the  sejMiration  of  a  heavy  yellow  powder.  It 
sublimes  without  fusing. 

Mercuric  Iodide  —  Biniodide,  or  Red  Iodide  —  Hy- 
drargyri lodidum  Rubrum  (U.  S.,  Hr.),  (Hgl.) — is  formed 
when  solutions  of  mercuric  chloride  and  potassium  iodide  are 
mixed. 

HgCl,  -i-  aKI  =  Hgl,  +  2Ka. 

A  double  decomposition  takes  place,  and  the  mercuric  iodide 
scjiarates  as  a  yellow  precipitate,  which  immediately  turns  bright 
red.     It  is  sparingly  soluble  in  water,  but  freely  soluble  in  solu- 
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tions  of  Kl  and  alcohol,  forming  clear  solutions.  It  also  dis- 
solves in  many  diluted  acids,  and  in  solutions  of  ammonium  salts, 
alkaline  chlorides,  and  mercuric  salts.  From  its  alcoholic  solu- 
tion, it  crystallizes  in  bright  red,  rhombohedral  crystals.  When 
heated,  it  becomes  yellow,  fuses,  and  sublimes  in  yellow,  shining, 
rhombic  needles.  These  again  become  red  u|K)n  touching  them 
with  some  solid,  and  are  changed  into  a  mass  of  octahedra. 
Mercuric  iodide  is,  therefore,  dimorphous.  Hgl,  enters  into 
Donovan's  Solution. 

Mercuric  Oxide— Red  Oxide,  or  Binoxidc — Hydrar- 
gyri  Oxidum  Flavum  (U.  S.,  Br.)^Hydrargyri  Oxidum 
Rubrum  (U.  S.  Br.),  (HgO)— is  obtained  by  igniting  mcrcur- 
ous  or  mercuric  nitrate  as  long  as  fumes  are  given  off, 

2llg(NO,),  =  2HgO  +  3N,0,  4^  O,; 

or,  by  adding  sodium  hydroxide  to  a  solution  of  a  mercuric  salt 

Hgci,  +  2K0H  ^  HgO  +  2K.a  4- 11,0. 

The  product  obtained  by  the  first  method  is  red  and  crystalline, 
of  sp.  gr.  1 1. 2;  that  obtained  by  precipitation  is  yellow  and 
amorphous,  furnishing  Hydrarg,  oxid.  flavum  (U.  S.  P.). 
Tile  latter  i^  the  more  active  form.  Both  modifications  turn 
black  when  exposed  to  the  light  and  air.  At  400^  C.  (752°  F.) 
they  break  up  into  mercury  and  oxygen.  Mercuric  oxide  is  very 
sparingly  soluble  in  water.  It  is  the  chief  ingredient  of  the 
Lotio  hydrargyri  flava  (Br  ),  or  yellow  wash. 

Mercuric  Nitrate  (Hg(NOj)J  maybe  obtained  by  dissolv- 
ing mercury  or  mercuric  oxide  in  hot  nitric  acid, 

HgO  4-  2HNO,  =  Hg(NO,},  +  H,0. 

This  should  be  carefully  conducted,  as  it  is  inclined  to  form  basic 
salts.  It  dissolves  in  water,  and  exists  in  the  Liq.  hydrargyri 
nitratis  (U.  S.),  or  Liq.  hydrargyri  nitratis  acidus  (Br.). 
It  is  used  in  the  volumetric  estimation  of  urea  by  Liehig's 
method.  The  standard  solution  us^^d  for  this  purpose  contains 
71.48  grms  of  metallic  mercury  to  the  liter,  and  1  c.c.  precipi^ 
tales  10  mgrms.  of  urea 

Mercuric  Sulphate  (HgSO,)  is  prepared  by  warming  mer- 
cury or  its  oxide  with  an  excess  of  sulphuric  acid, 

Hg  -i-  aHjSOj  =  HgSOj  +  SO,  +  2H,0, 

It  is  a  white,  crystalline  salt,  used  as  the  exciting  agent  in  some 
forms  of  galvanic  batteries.     With  an  excess  of  water,  it  decora- 
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poses  into  sulphuric  acid  and  the  yellow  insoluble  basic  salt, 
Turpcth  mineral,  HgSO,.2Hg(^).  This  is  official  in  the 
U.  b  V.  under  the  names  Hydrargyri  subsulphas  flavus, 
yellow  mercuric  bisulphate. 

Mercuric  Sulphide — Red  Sulphide — Cinnabar — Ver- 
milion—Hydrargyri  Sulphuretum  Rubrum  i  U.  S  P., 
i8So)  (HgSj — occurs  native  in  radiating  or  amorphous  masses. 
It  may  be  prej  ared  by  rubbing  sulphur  and  mercury  together,  or 
by  the  precipiLition  of  a  mercuric  salt  by  liyilroyen  sulphide,  as 
a  black  amorphous  mass,  which  is  the  /Ethiops  mineralis  of 
the  older  pharmacists. 

IlgCI,  +  I!,S  ^  HgS  4-  2HCI. 

This  may  be  converted  into  the  red  sulphide  by  subliming  it. 
Hydrargyri  cyanidum  Hii(Cn\  is  official. 

Physiological  Action  of  Mercury. — If  introduced  into 
the  animal  economy,  metallic  mercury  is  not  poisonous.  By  con- 
tact with  alkaline  chlorides,  however,  it  is  converted  into  mer- 
curic chloride  ;  the  more  finely  divided  the  jKUticles  of  mercury 
are,  the  more  readily  docs  this  take  place. 

Mercuric  chloride  has  a  decidedly  toxic  action,  both  locally 
and  constitutionally.  Its  local  irritant  action  is  due  to  its  ten- 
dency to  unite  with  albuminoid  bodies  The  constitutional 
symptoms  are  somewhat  similar  to  those  produced  by  arsenic,  but 
appear  sooner.  The  vomit  frequently  contains  blood,  and  there 
is  an  intense  burning,  metallic  taste  in  the  mouth.  The  symp- 
toms that  are  referable  to  the  gastro  intestinal  mucous  membrane 
arc  more  intense.  The  size  of  the  minimum  fatal  dose  of  the 
corrosive  chloride  is  about  three  grains;  of  white  precipitate, 
thirty  to  forty  grains;  and  of  Turpeth  mineral,  about  forty  grains. 
Children  tolerate  mercury  much  better  than  adults. 

The  treatment  in  acute  poisoning  should  consist  in  the  admin- 
istration of  milk  or  white  of  egg,  and  the  induction  of  prompt 
emesis.  Absorl>ed  merctiry  probably  exists  in  the  blood  as  an 
albuminate,  and  is  elinunated  by  the  fieces,  urine,  and  saliva ; 
chiefly  by  the  former.  Chronic  mercurial  poisoning,  known  as 
mercurial  tremors,  shaking  palsy,  etc  ,is  met  with  in  those 
who  work  in  mercury  compounds.  The  symptoms  usually  liegin 
with  debility,  nausea,  vomiting,  colicky  pains,  and  a  constant 
metallic  taste  in  the  mouth.  Sooner  or  later  salivation  wdl 
become  a  prominent  symptom  ;  the  tongue  and  gums  liccomirg 
swollen,  red  and  ulcerated,  and  the  bicath  emitting  a  p- culi?r 
fetid  odor.  Salivation  may,  however,  be  produced  by  bromine, 
antimony,  lead,  pnissic  acid,  etc. 
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Chronic  and  even  acute  poisoning  may  occur  from  the  free 
external  use  of  mercurial  salts.  Post-Morteni  the  mmoua 
membrane  of  the  stomach,  in  acute  poisoning  with  Hj^^CI^,  is 
usually  found  of  a  grayish  color,  as  also  that  of  parts  of  the  mouth 
and  uisophagus.  The  surface  of  the  membrane  is  sometimes 
covered  with  a  slate  colored  dt'prrsit  of  finely  divided  mercury. 

Tests. — One  of  the  simi'lest  tests  for  mercury  in  solution  is  a 
piece  of  bri^'hl  co]^]>er,  which»  in  the  presence  of  a  small  iiuantily 
of  Tree  hydrochloric  acid,  becomes  coated  with  a  silver  while 
layer  of  copi^er  amalgam.  AH  salts  of  mercury  are  volatile. 
When  heated  in  a  tube  wiih  sodium  carbonate,  globules  of 
metallic  mercury  distil  off  from  all  its  salts.  Mercury  salts  give 
a  black  precipitate  with  H,S,  which  is  insoluble  in  nitric  acid, 
but  soluble  in  aqua  regia. 
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Boron.  B  ^  ii. 

Aluminum,  Al  —  27. 
Scandium,  Sc  ~  44. 
Gallium,  Ga  =  69. 
Yttrium,  Y  —  89.I. 


Indium.  In  =  113. 7. 

Lanthanum,  La  —  138.3. 
Erbium,  E  _  166. 

Ytterbium,      Yb  =  173. 
Thallium,       Th  —  204.18. 


i 

^^M        Of  the  above  elements  but  the  first  two  are  of  sufficient  interest 

^^B     to  be  described  here. 

^K  BORON. 

^H  Occurrence  and  Preparation. — An  unimiwrtant  element, 
^H  ntver  occurring  naiivt-,  but  as  borates  and  boric  acid.  Borates  of 
^^P  calcium,  magnesium,  and  sodium  (borax)  occur  native;  the  last, 
^  the  most  imix)rtiint,  is  found  in  India  and  California,  The  cle- 
tneni  may  be  prepared  in  two  allolropic  states;  the  first,  as  a 
greenibh-brown  powder,  by  fusing  its  oxide  with  sodium  or  potas- 
sium ;  the  second,  as  a  crystalline  irans|^arent  solid,  by  fusing  the 
oxide,  chloride  or  lluoride,  with  aluminum,  varying  in  color  from 
colorless  to  a  garnet  red.  Boron  combines  directly  with  nitrogen 
at  elevated  lcniix^r;ittires. 

Boric  Anhydride  and  Acids. — 6,0,  is  a  transparent,  glass- 
like mass,  obtained  by  heating  boric  acid  10  redness.  It  is  used 
in  blowpifje  analysis. 

Boric  or  Boracic  Acid  (H,BOj)exists  native  in  lagoons,  in  the 
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vicinity  of  volcanoes,  and  in  Tuscany.  By  evaiX)ration  and  crys- 
tallization the  acid  is  obiaineJ.  Borate  of  sodium,  or  borax, 
occurs  in  California  and  India,  and  Irom  it  the  pure  acid  is  pre- 
pared by  precipitating  it  with  HCI  from  a  hot  solution. 

Ni4B40,.ioH,0  -h  2Ha  =  sNaCl  -f  4H,BO,  -f  sH^O. 

The  acid  separates  in  white,  shining  sc;iles.  It  is  soluble  in  25 
jiarts  of  H/)at  14°  C.  (57.2°  F. ),  and  in  3  parts  of  boiling  H,0: 
The  solution  has  a  faint  acid  reaction.  The  acid  is  soluble  in  15 
parts  of  alcohol,  and  is  also  soluble  in  glycerin,  to  the  flame  of 
both  of  which  it  imparts  a  distinct  green  color;  this,  and  the 
action  on  turmeric  [>aper,  are  used  as  tests.  If  a  strip  of  turmeric 
^laper  be  dipi>ed  in  a  solution  containing  H,BOj,  it  turns  reddish- 
brown  on  drying. 

When  boiled  with  glycerin,  an  ether  is  formed.,  known  as 
boroglycerid,  which  is  soluble  in  water,  lus  a  neutral  reaction, 
is  tasteless,  and  is  used  as  a  pres:;rvative  for  foods.  Its  use,  as 
well  as  that  of  boric  acid,  is  attended,  in  considerable  doses,  with 
an  increased  excretion  of  urea,  irritation  of  the  kidneys,  and 
should  be  used  with  some  caution.  Owing  to  its  antiseptic  action 
it  is  used  in  surgical  dressings. 

Glyceritum  boroglycerini  (U.  S.  P.)  is  made  by  dissolving 
31  [XT  cent,  of  boric  acid  in  glycerin. 

When  heated,  M^HOg  loses  one  molecule  of  water  at  100°  C. 
(212°  F.),  and  forms  metaboric  acid  (HBO,}  ;  on  further  heat- 
ing it  forms  tetraboric  acid  (H^B^O,),  and  at  a  higher  temper- 
ature boric  anhydride. 

ALUMINUM  (Aluminium). 

M  -  37. 

This  metal  is  found  very  widely  distributed.  It  exists  as  oxide 
in  ruby,  sapphire,  and  corundum,  and,  less  pure,  as  emery. 
Most  commonly  it  occurs  as  the  silicate  (clay,  kaolin),  and  with 
other  silicates,  as  feldspar  and  mica,  and  in  most  crystalline 
rocks.  Emerald  is  a  silicate  of  aluminum  and  glucimim.  Garnet 
and  topaz  are  also  silicates  of  aluminum. 

Cryolite  is  a  double  fluoride  o\'  aluminum  and  sodium. 

Preparation  and  Properties. — Aluminum  may  be  obtained 
in  the  metallic  condition  by  igniting  the  chloride,  or  the  double 
fluoride  of  sodium  and  aluminum,  with  sodium. 


aNojAlF,  +  jNa,  =  Al,  +  laNaF. 
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It  is  now  generally  manufactured  by  the  electrolysis  of  a 
mixture  of  cryolite  (NajAlK.)  and  aluminum  oxide.  The  mixture 
fu-ses  and  then  decomi»oses,  giving  almost  chemically  pure  alumi- 
num. Since  the  introduction  of  this  method  of  manufacture  the 
cost  of  the  metal  has  greatly  decreased,  and  its  use  greatly 
increased. 

It  is  a  silver-white  metal,  very  malleable  and  ductile,  a  good 
conductor  of  electricity  ;  sp.  gr.  2.56.  At  ordinary  temperatures 
it  is  not  affected  by  air  or  oxygen,  but  burns  if  heated  in  oxygen.  It 
is  insoluble  in  nitric  acid,  but  soluble  in  boiling  sulphuric  and  cold 
hydrochloric  acids.  It  dissolves  in  alkaline  hydroxides  to  form 
aluminates,  with  the  lil>eration  of  hydro^xn.  It  forms  a  hard 
and  durable  alloy  with  copjier,  known  as  aluminum  bronze. 

Aluminum  Chloride  (AI,CIJ  is  obtained  by  the  action  of 
chlorine  u]>on  heated  aluminum.  It  forms  colorless  hexagonal 
prisms,  fusible,  volatile,  and  very  soluble  in  water  and  alcohol 
it  crystallizes  from  a  hot  concenlrated  solution  with   i2H,0. 

Aluminum  Oxide  —  Alumina  (AljO,) — is  found  crystal- 
lized in  prisms,  and  colored  by  other  admixtures  in  ruby,  sap- 
phire, and  corundum.  These  minerals  are  all  exceedingly 
hard,  ranking  next  to  the  diamond  in  this  respect.  Alumina 
may  be  obtained  artificially,  by  igniting  the  hydroxide  as  a  light, 
white,  insoluble,  odorless,  and  tasteless  [xiwder.  When  prepared 
as  above,  acids  attack  it  with  great  difficulty.  It  may  be  decom- 
posed by  fusing  with  caustic  alkalies  or  acid  i)Olassium  sulphate. 

Aluminum  Hydroxide  (Al,(OH),)  is  formed  by  precipi- 
tating a  solution  of  an  aluminum  salt  with  ammonium  hydroxide 
or  carbonate.  The  Alumini  Hydras  (U.  S.  P.)  is  directed 
to  be  made  by  precipitating  a  solution  of  alum  with  sodium 
carbonate. 

K,AI,(SO.),  -f  3Na,C0.  +  3H,0  =  3Na,SO.  -f  K,SO,  +  AI,(OH),  +  3CCV 

When  freshly  precipitated  it  is  insoluble  in  water,  but  soluble  in 
solutions  of  the  fixed  alkalies.  By  prolonged  drying,  or  after 
standing  under  water,  it  is  rendered  almost  insoluble  in  acids, 
although  it  undergoes  no  change  in  composition  or  appearance. 
Aluminum  Sulphate  —  Alumini  sulphas  (U.  S.  P.) 
(AI,(S0^)3)— is  prepared  artificially  by  the  action  of  sulphuric 
acid  u{M)n  kaolin  or  clay,  and  alsd  by  dissolving  aluminum  hy- 
droxide in  the  same  acid, 

Al,{OH),  -f  3H,S04  =  Al/SO^),  -f-  6H,0. 

It  crystallizes  in  thin  plates  with  i6H,0;  soluble  in  water,  and 
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Sparingly  so  in  alcohol.      When  heated,  it  fuses  and  becomes 
auliydroiis. 

Alums. — These  are  double  salts  formed  by  the  combination 
of  aluminum  sulphate  with  the  alkaline  sulphates.  The  salt 
originally  known  as  alum  is  the  double  sulphate  of  aluminum 
and  potassium  (K,AI,(SC\>,.24H30).  It  is  obtained  from  clays 
free  from  iron  and  irom  aluminite,  a  basic  sulphate  of  alum- 
inum. The  |K)tassium  in  this  alum  cim  be  replaced  by  sodium, 
ammonium,  rubidium,  cesium,  and  thallium.  Potassium  alum 
forma  larpe,  regular,  transparent,  octahedral  crystals,  soluble  in 
water.  Heated  to  about  redness,  it  Joses  45  i  er  cent,  of  its 
weight  of  water,  forming  ihe  product  known  as  burnt  alum. 
Aluminum  and  ammonium  sulphate,  or  ammonia  alum, 
A^SO/i,  (NH,)jSO,.24HjO,  is  ra]>nlly  taking  the  place  of  the 
potassium  alum,  from  which  it  differs  in  being  more  soluble  in 
water  between  20°  C.  (68''  R)  and  90*0.  (104°  F.),  and  less 
soluble  in  water  colder  or  warmer  than  this.  At  about  the  tem- 
perature at  which  potash  alum  loses  its  water,  ammonia  alum 
decomposes  and  loses  its  ammonia.  Ferric  iron,  manganese,  and 
chromium,  may  replace  the  alumimim  in  alum,  and  form  a  series 
of  alums  known  as  ferric  alum,  Fej(SO,),.(NH^)jSn^. 2411^0, 
manganese  alum,  Mnj(S(_>j3.(NHjjS()^.24H..<>,  and  chrome 
alum,  Cr,(SOj,.(NHj,SO,. 2411,0. 


METALS  OF  GROUP  V. 

Vanadium,  V  =    51, 

Columbium,         Cb  =    94. 
Neodytnium,        Nd  1=  140.5. 
F*rascodymium,    Pr  =^  <4J-5- 
,.         Tanulum,  Ta  =  183.6. 


They  are  all  rare  metals  not  used  in  medicine. 
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Chromium, 
Molybdenum, 
Wolfram  (Tungsten), 
Uranium, 


Cr  =  5a.x. 
Mo  —  96. 
W  ^  1B4.9. 

U  =  a39.6. 


or  these  chromium  and  molybdenum  will  be  noticed  at  length. 


CHROMIUM. 


Occurrence,  Preparation,  and  Properties. — This  metal 
most  cotninoiily  occurs  in  chromite,  or  chrome  iron  ore,  a 
ferroso-chromic  oxide;  also,  rarely,  as  lead  chromate.  It  may 
be  isolated  with  difficulty  from  its  oxide  by  reducing  it  with  char- 
coal ;  or  from  the  chloride  by  reducing  with  zinc.  It  is  a  hard, 
glistening,  steel-gray  metal,  magnetic  at  low  temi>cratures ;  sp. 
gr.  6.8.  It  oxidizes  only  at  a  red  heat,  and  is  soluble  in  hydro- 
chloric acid  and  strong  alkalies. 

Chlorides. — T*o  chlorides  are  known:  Chromous  Chlo- 
ride (CrCl,),  a  white,  crystalline  solid,  dissolving  in  water  to 
form  a  blue  solution ;  and  chromic  chloride  (OjClg),  occurring 
in  large  red  crystals,  insoluble  in  water,  unless  a  trace  of  the 
chromous  chloride  be  present,  when  it  dissolves  readily.  If 
it  be  subjected  to  a  prolonged  boiling  with  water,  it  finally  dis- 
solves, forming  a  green  solution  containing  a  hydroxide.  An 
oxychloridc  is  also  known. 

Chromic  Anhydride— Chromic  Trioxide  ([^CrO,). — This 
is  sometimes  impro|x;rly  called  chromic  acid.  It  is  pre|>ared  by 
adding  one  and  one-half  parts  of  strong  sulphuric  acid  to  one  part 
of  concentrated  solution  of  i>oiassium  dichromate.  When  the 
solution  cools,  splendid  saffron-colored  needles  of  the  trioxide 
crystallize  out,  which  may  be  dried  on  a  porous  tile.  It  is  a 
powerful  oxidant,  igniting  alcohol  if  the  latter  be  poured  u|X)n 
it.  It  is  used  in  medicine  as  a  caustic,  forming  a  superficial 
eschar. 

Chromic  Oxide  —  Chromium  Sesquioxide  —  Green 
Oxide  (Cr/'Oj) — is  obtained  by  calcining  a  mixture  of  starch 
and  potassium  dichromate.  Thus  prepared,  it  is  a  green  povvder, 
insoluble  in  water,  acids,  or  alkalies,  and  fusible  with  difficulty. 
When  fused  with  alkaline  hydroxides  or  nitrates,  it  forms  chro- 
mates  of  these  metals. 
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This  oxide  may  play  either  a  positive  or  a  negative  rAle,  depend- 
ing upon  the  oxide  with  which  it  unites.  For  example,  with  the 
strongly  negative  sulphuric  oxide,  it  forms  » hromiimi  sulphate 
(Cr,(SO,)3);  while  with  calcium  or  magnesium  oxide,  calcium  or 
magnesium  chromates  (CaCrO,  or  MgCrO,)  are  ohtained. 

Chromous  Hydroxide  (Cr(OH)./).—'rhiscompound  is  pro- 
duced by  precipitating  chromous  chloride  with  potajsium  hydrox- 
ide.    It  acts  as  a  basic  oxide,  yielding  chromous  salts. 

Chromic  Acid  (H.^CrO,). — This  cannot  be  isolated,  but  by 
soUuion  of  ciirumium  trioxide  in  water,  an  acid  liquid  is  obtained 
containing  chromic  acid.    This  acid  dtcom]  o?es  on  evaporation. 

The  best  known  of  the  salts  of  this  acid  are  [wtassiuni  chro- 
matc  and  dichroniate  (K.CrO^  and  K,Cr^O,).  T  he  last  of  these 
possesses  the  properties  of  the  trioxide,  but  in  a  milder  degree. 
It  is  sometimes  used  as  an  escharotic.  but  much  more  frequently 
as  an  oxidizing  agent,  when  mixed  with  sulphuric  acid.  None  of 
the  other  itre]>arations  of  chromium  are  used  in  medicine.  Inter- 
nally^  in  large  doses,  it  acts  as  an  irritant  poison. 

Chromic  Sulphate  rCr,(SO,'),)  is  obtaintd  by  dissolving 
chromic  oxide  in  suli>huric  acid;  upon  slowly  cvaiX)rating,  it 
crystallizes  with  twelve  molecules  of  water. 

Chromium  salts  form  two  series,  the  one  green  and  the  other 
violet.  The  alkaline  hydroxides  throw  down  a  bluish-green 
hydroxide  from  the  green  salts,  and  a  violet  from  the  violet. 

Chromium  sulphate  exists  as  a  violet  crystalline  solid,  and  as  a 
green  amorphous  solid.  With  the  alkaline  sulphates,  chromium 
sulphate  forms  double  salts — the  chromium  alums.  (See  page  284. ) 

Potassium  Chromate  (KjCrO,)  is  obtained  by  adding  a 
solution  of  potassium  hydroxide  to  one  of  potassium  dichromate, 

K,Cr,0,  -i-  2KOH  =  2K,Cr04  -f  H,0. 

It  forms  large,  yellow,  rhombic  crystals,  isomorphous  with  potas- 
sium sulphate  (K.,t>0^y 

Potassium  Dichromate  (K..CrjO,),  commercially  known  as 
the  red  chromate  of  potash  and  often  called  the  acid  potas- 
sium chromate,  is  obtained  by  igniting  [inlverized  chromitc 
(CrjOjFeO)  with  (wtassium  carbonate  and  nitrate,  forming  potas- 
sium chromate  and  ferric  oxide.  The  jxitassium  chromate  is  dis- 
solved out  with  water,  and  nitric  or  acetic  acid  added  to  the  solu- 
tion, from  which  |K>tassium  dichromate  crystallizes.  It  forms 
large,  red  prisms,  soluble  at  ordinary  temperatures  in  ten  parts  of 
water.  When  it  is  warmed  with  stilj'hurir  acid,  oxygen  escapes, 
and  chromic  oxide  and  potassium  chrome  alum  are  produced. 


TUNGSTEN. 
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This  mixture  is  employed   in   laboratories   for  oxidizing   pur- 
poses. 

Barium  chromate  (BaCrOJ  and  lead  chromate  (PbCrO,)  are 
used  as  yellow  pigments;  the  former  under  the  name  of  ^fZ/Vnt/ 
yltramarine  and  the  latter  as  orange  chrome. 

Toxicology. — The  chromates,  especially  |X)iassium  dichro- 
niate,  are  irritant  i>oisons.  They  are  also  liable  to  produce  a 
form  of  chronic  jKjisoning  in  workmen  handling'  them,  character- 
ized by  ulceration  of  the  septum  of  the  nose,  and  of  the  skin. 
The  most  prominent  symptoms  in  acute  poisoning  are  vomiting, 
epigastric  pain,  cramps,  excessive  thirst,  and  coJIapse,  The  treat- 
ment consists  in  the  use  of  emetics,  followed  by  magnesium  car- 
bonate in  milk. 

MOLYBDENUM. 

ilo  —  96, 

This  element  is  *bf  little  importance  itself,  but  some  of  its 
conii«unds  are  used. 

Molybdic  Trioxide  or  Anhydride  (MoC)j. — This  oxide  is 
obtained  by  roasting  the  native  sulphide  in  an  open  vessel,  at  a 
red  heat.  The  princijal  interest  attaclied  to  it  is  its  use  in  pre- 
paring ammoniuTn  molybdate,  a  reagent  used  to  detect  and 
estimate  phosphoric  acid. 

The  impure  oxide  obtained  by  roasting  the  mineral  molyb* 
denite,  MoS^,  is  dissolved  in  ammonium  hydroxide,  evaporated 
to  dryness,  re-dissolved  in  water,  concentrated  by  eva]>oration, 
and  allowed  to  crystallize.  The  soluble  molylxiatcs  give  a  pre- 
cipitate of  M0O5  on  the  addition  of  an  acid  ;  but  it  is  soluble  in 
excess  of  the  acid.  The  molybdates  give  a  white  precipitate 
with  the  earthy  metals.  With  phosphoric  acid  or  the  phosphates, 
a  solution  of  ammonium  molybdate  containing  an  excess  of 
nitric  or  hydrochloric  acid  first  turns  yellow,  then  deposits  a  yellow 
precipitate  oi  molybdic  trioxide,  phosphoric  acid,  and  ammonia, 
which  is  very  soluble  in  ammonia  water.  This  is  a  very  delicate 
test  for  phosi)horicacid.  l*yrophos[ihaiesand  metaphosphates  do 
not  give  this  reaction.    Arsenic  acid  gives  a  similar  preci])itate. 

TUNGSTEN  (Wolfram). 

W  -  184.9. 

Tungsten  is  not  abundant.  It  occurs  in  the  minerals  wolfra- 
mite, schulite,  and  stolzite,  all  of  which  are  lung.states. 
Although  generally  regarded  as  a  metal,  it  often  plays  the  nega- 
tive role  to  form  tungstic  acid  and  tungstates. 
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The  element  is  a  hard,  brittle,  difficuUly  ftisible  metal,  perma- 
nent in  the  air,  but  burns  to  the  oxide  at  a  red  heat.  Ol*  the 
comj>ounds  of  tungsten,  the  sodium  lungstate  alone  is  of  interest 
to  the  medical  .student. 

Tungstic  Acid  (H^WO,)  is  a  yellowi'?h-while  powder  thrown 
down  from  boiling  alkaline  solutions  of  tungstic  oxide  by  mineral 
acids.  It  forms  with  bases  numerous  salts,  called  tungstates,  the 
most  important  of  which  is  sodium  tungstatc  (Na3WO,.2H30}. 
This  has  recently  attained  considerable  importance  as  a  test  for 
albumin  in  urine.  A  cold  saturated  solution  of  this  salt,  added 
to  acid  solutions  of  the  proteids,  coagulates  them.  This  salt  is 
used  to  render  fabrics  uninflammable. 


GROUP  VII.— METALS. 

MANGANESE. 

Mn  *  55. 

Occurrence.  —  Manganese  is  found  widely  distributed  in" 
nature,  It  occurs  native  in  meteorites.  Its  most  common  ores 
arc  pyrolusite  (MnOj,  hausmannite  (Mn^O,),  braunite 
(Mn/>,),  manganite  (Mn/J,.HjO),  and  rhodochrosite 
(MnCO,). 

Preparation  and  Properties. — It  is  obtained  in  the  metal- 
lic condition  by  heating  its  oxides  with  charcoal,  similar  to  the 
smelting  of  iron.  It  is  a  grayish-white,  brittle  metal,  very  hard, 
and  fusing  with  great  difficulty;  sp.  gr.  7.2.  Like  the  elements 
iron  and  chromium,  it  forms  three  series  of  compounds — the  man- 
ganous  (MnR,),  manganic  (Mn^Rj,  and  the  salts  of  manganic 
acid,  called  manganates. 

Manganous  Compounds. — In  these  the  metal  is  diatomic. 
These  derivatives  are  the  most  stable,  and  constitute  the  most 
common  of  the  manganese  salts.  They  resemble  the  ous  salts 
of  iron  and  chromium,  with  which  they  are  isomorphous.  Man- 
ganous Oxide  (  MnO)  results  from  the  ignition  of  tlic  carbonate 
with  the  exclusion  of  air.  It  is  a  greenish,  amori^hous  powder, 
readily  oxidizing  in  the  air  to  Mn,()^.  Manganous  hydroxide 
(Mn(OH),)  is  formed  by  adding  alkaline  hydroxides  to  manga- 
nous bohitions,  as  a  reddish-white  precipitate,  which,  exposed  to 
the  air,  oxidizes  to  manganic  hydroxide,  and  turns  brown  in 
color. 


MANGANESE. 

Manganous  Salts. — Manganous  Chloride  (MnCl,)  occurs 

in  rose  colored  tabular  crsstals,  which  decompose  on  drying  with 
the  separation  of  hydrochloric  acid.  Manganous  Sulphate 
(MnSO,)  crystallizes  at  ordinary  tern jx-ratu res  with  ^H,0.  It  is 
ofhcial.  It  occurs  as  colorless  or  pale  rose-colored,  prismatic 
crystals  soluble  in  0.8  part  of  water  at  15°  C  (59°  F.)  and  in  i 
]jart  of  boiling  water.  With  the  alkaline  sulphates  it  forms 
double  salts;  e,  >f.,  MnSO^.K^SO^-sH./).  Manganous  Car- 
bonate (MnCO,)  is  precipitated  I'rom  maganous  solutions  by 
alkaline  carbonates  as  a  white  ]x>wder,  turning  brown  on  expo- 
sure to  the  air.  Manganous  Sulphide  (MnS)  occurs  in  nature 
as  alabandite,  or  manganese  blende,  and  is  precipitated  from 
manganous  solutions  by  alkaline  sulphides  as  a  Hesh-colored 
hydrate  (MnS. H.(J).      In  the  air  it  also  becomes  broivn. 

Manganic  Compounds. — These  are  isoraorphous  with  and 
very  closely  resemble  die  ferric,  chromic  and  aluminic  com- 
|>ounds.  They  are  not  so  stable,  however,  being  easily  reduced 
to  the  manganous  state.      In  ihem  manganese  is  a  tetrad. 

Manganese  Dioxide  —  Manganic  Peroxide  —  Black 
Oxide  of  Manganese  (MnO.) — occurs  native  as  the  mineral 
pyrolusite,  the  principal  ore  of  manganese,  in  steel-gray  or 
brownish  im[>erfecily  crystallized  masses.  It  is  official,  and  is 
used  internally. 

When  greatly  heated,  it  yields  oxygen  ;  at  a  red  heal  it  yields 
mure  oxygen  and  forms  manganous-manganic  oxide. 

It  gives  off  oxygen  when  heated  with  sulphuric  acid,  and  forms 
manganous  sulphate.  With  hydrochloric  acid,  it  yields  manga- 
nous chloride,  water,  and  chlorine. 

MnO,  -i-  4HCI  =s  MnCI^  +  2H,0  +  Cl^ 

In  cold  hydrochloric  acid,  it  dissolves, .without  setting  chlorine 
free,  as  MnCl,  is  probably  formed,  which,  ujion  heating,  breaks 
up  into  MnClj  and  CI,.  From  this  it  would  ap[>ear  that,  in  the 
dioxide,  niaMgancsc  is  a  tetrad. 

Manganic  Oxide  (Mn^O,)  is  a  black  powder,  produced  by 
igniting  the  managnesc  oxides  in  a  current  of  oxygen. 

Manganous-manganic  Oxide  (Mn^O,  -  MnCMnjOJ. — 
''I'Tiis  is  formed  by  the  ignition  of  all  the  oxides  m  the  air;  it  is 
isomorjihous  with  Magnetite  (Fe.O^V 

Manganic  Hydroxide  (^Mn,(OH),)  is  precipitated  from 
manganic  solutions  by  ammonium  hydroxide  as  a  flesh-colored 
precipitate,  rajiidly  turning  brown. 

as 
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Manganic  Sulphate  (Mn/SOJ^)  is  produced  by  the  action 
of  sulphuric  acid  upon  manganic  hydroxide. 

Manganates  and  Permanganates. — The  derivatives  of 
manganic  acid  (  H^MnO^  ^=  Miit  >j(OH),)  are  analogous  lo  ihose 
of  ferric  (H^FeO,),  chromic  (Il^CrU,),  and  sulphuric  acids 
(HjSO,).  In  these  derivatives,  manganese  is  a  hexad.  The 
luanganales  are  of  little  |>ermanency  and  little  used. 

Potassium  Manganate  (K^MnUj  is  a  rare  substance,  iso- 
morphous  with  potassium  sulphate  or  chromate,  and  is  very 
readily  converteti  into  potassium  permanganate. 

Potassium  Permanganate  (K^Mn^O^)  or  (KMnOJ  (U.S. 
V.)  is  precipitated  from  soluiions  of  potassium  manganate  by 
acids,  in  dark-red  rhombic  prisms.  It  is  made  by  boiling  in 
water  f)otassium  hydroxide.,  potassium  chlorate,  and  manganese 
dioxide,  evajxjrating  to  dryness,  and  fusing. 

6KOH  -f  KCIO,  -f-  3MnO,  ^  3K,MnO,  +  KCl  +  3H,0. 

A  greenish-colored  mass — potassium  manganate  —  is  formed. 
This  is  dissolved  in  water,  and  is  then  easily  decomposed  by  an 
acid  or  a  large  quantity  of  hot  waier. 

jK^MnO^  -f  jIIjO  =  K,Mij,0»  -|-  MnO,  +  4KOH  -f  H,0. 

Manganese  dioxide  is  precipitated,  and  the  permanganate  re- 
mains in  solution,  from  which  it  is  obtained  by  crystallisation. 
This  salt  has  active  oxidizing  ]>roperties,  and  is  very  largely 
used  for  oxidizing  and  destroying  organic  substances.  It  also 
converts  ferrous  into  ferric  salts,  and  is  used  for  the  quantitative 
estimation  of  ferrous  salts  because  of  this  property.  It  is  also 
used  to  estimate  organic  matter  in  potable  waters. 
Condy's  fluid  is  an  aqueous  solution  of  K^Mn^O^. 


GROUP  V]II. 

The  members  of  the  group  are:  — 

Iron  (Femira),  Fc  ^    56.  Rhodium, 

Nickel,  Ni  —    58.7.  Palladium, 

Cobalt.  Co  —    59.5.  Iridium, 

Ruthenium,       Ru    -  xoi.G.  Osmium, 

Platmum,  Ft  —  195. 


Rh  —  103. 
Pd  =  106.5. 
Ir=  193. 1. 
Os    -  igo.8. 


Of  these,  iron,  nickel,  cobalt,  osmiunn,  and  platinum  are  of 
sufficient  interest  to  be  given  a  place  here. 
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IRON. 


IRON 


Occurrence, — This  metal,  which  U  of  so  great  practical  im- 
portance, is  distributed  very  widely  in  nature.  It  occurs  native 
upon  the  ciirth's  surface  only  as  meteorites. 

The  ores  from  which  iron  is  obtained  are  numerous;  the  most 
important  are:  magnetite  (Ke,OJ,  haematite  (Fe/),),  lim9- 
nite  (ferric  hydroxide),  and  siderite  (  FeCOJ.  These  are  almost 
the  only  ores  used  for  the  manufacture  of  iron ;  the  sulphur  ores 
are  not  adapted  to  tnis  purpose; 

Preparation. — In  some  cases  the  ore  is  first  roasted,  to  get 
rid  of  water,  carbon  dioxide,  sulphur,  etc.  The  next  stej) 
consists  in  the  extraction  of  the  iron  from  the  ores,  in  v/hich  it 
exists  as  an  oxide.  This  is  accomplished  by  reduction  with  car- 
bon at  a  glowing  heat.  This  reduction  is  effected  in  a  blast  fur- 
nace (Fig.  59),  of  which  the  interior  has  the  shape  of  a  double 

cone.  It  is  about  fifty  or  sixty  feet 
high,  by  fifteen  feet  wide  at  its  widest 
jiart,  is  built  of  the  most  infusi- 
ble fire  brick,  and  inclosed  in  solid 
masonry.  It  is  filled  at  the  top  with 
alternate  layers  of  coal,  broken  ore 
(either  native  or  previously  roasted), 
and  fluxes  in  the  form  of  limestone 
or  silicates  These  fluxes  facilitate 
the  mcltinjiif  together  of  the  reduced 
iron,  and  furnish  a  liquid  slag.  The 
air  necessary  for  combustion,  usually 
heated  to  a  high  temperature  before- 
hand, is  forced  into  the  bottom  of 
the  furnace,  through  pipes,  by  blow- 
ers or  fans.  The  metal  is  drawn  off 
at  the  Iwttom.  In  the  lower  \>aii  of 
the  furnace,  carbon  dioxide  is  pro- 
duced from  the  oxygen  of  the  air 
and  the  coal ;  higher  up.  carbon 
monoxide  is  produced,  which  acts 
ui>on  the  oxide  of  iron,  reducing  it 
to  the  metallic  state.  As  the  reduced  iron  sinks,  it  comes  into 
contact  with  the  coal,  takes  up  a  small  quantity  of  carbon,  and 
forms  cast-iron,  which,  on  further  sinking,  fuses,  and  is  drawn 
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off  into  moulds  made  in  sand,  to  form  pig  iron.  The  earthy 
impurities  of  the  ores,  remaining  in  the  lurnace,  unite  witli  the 
fluxes,  fuse  ill  the  intense  heat,  and  are  drawn  off  as  slag.  The 
pig  iron  is  then  subjected  to  tlie  puddling  process,  hy  which 
it  is  more  completely  freed  from  carbon  and  slag,  and  wrought 
iron  results.  This  process  is  usually  carried  on  in  reverl>eratory 
furnaces  with  a  free  supply  of  air,  while  the  molten  maiis  is  lieing 
thoroughly  stirred.  'I'he  greater  |>art  of  the  carbon  is  in  this 
way  burned  into  carbon  monoxide,  and  the  silicon,  sulphur 
and  phosphorus  oxidized.  Steel  was  fomierly  prepared  from 
wrought  iron  only,  by  cementation,  or  heating  wrought- 
iron,  packed  in  leather  shavings  or  with  charcoal.  At  present 
it  is  chielly  prepared  directly  from  cast  or  pig  iron  by  the 
method  invented  by  Bessemer  in  1850.  This  process  consists  in 
blowing  air,  under  high  pressure,  into  a  mass  of  molten  cast- 
iron,  until  the  carbon  has  been  burned  out,  when  sjtiegeleisen, 
containing  a  known  quantity  of  carbon,  is  added,  to  give  the 
proper  amount  for  sleel.  Pure  iron  is  obtained  by  heating 
ferric  oxide  in  a  current  of  hydrogen;  this  is  the  ferrum 
rcductum  of  the  U.  S.  P. 

KcA  +  3H,=.3H,0-|.  Fe,. 

Properties.  —  Pure  iron  is  soft,  fuses  at  about  1600®  C. 
(2912°  v.),  and  has  a  specific  gravity  of  7.25  to  7.9.  Iron  is  not 
affected  by  dry  air  at  ordinary  temperatures;  in  moist  air,  it 
covers  itself  with  a  thin  layer  of  ferric  hydroxide,  known  as  rust. 
Healed  strongly  in  the  air,  it  becomes  coated  with  a  la)er  of 
ferrous- ferric  oxide  (Fe,OJ,  which  is  readily  loosened,  forming 
the  blacksmith's  scales.  At  a  red  heat,  it  decomposes  water, 
with  the  formation  of  ferrous-ferric  oxide,  and  the  liberation  of 
hydrogen. 

3Fe  4-  4H,0  =  Fep.  +  4H,. 

It  bums  in  oxygen  with  an  intense,  scintillating  light.  If 
brought  into  contact  with  a  magnet,  iron  becomes  magnetic. 
Tempered  steel  is  the  only  form,  however,  that  retains  the  mag- 
netism. 

Iron  unites  directly  with  chlorine,  bromine,  iodine,  sui[ihur, 
and  the  members  of  the  phosphorus  grou[t,  except  nitrogen.  It 
dissolves  readily  in  hydrochloric  and  sulphuric  acids,  with  the 
evolution  of  hydrogen.  In  diluted  nitric  auid,  it  dissolves  with 
the  separation  of  nitric  oxide.  Concentrated  nitric  acid,  how- 
ever, renders  it  passive,  when  it  is  no  longer  attacked  by  the 
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diluted  acid,  until  the  passive  condition  is  destroyed  by  .contact 
will*  silver.  |)l3tiiium,or  copi^er,  or  by  heating  1040°  C.  (104°  F.), 
Ferrous  Compounds.— These  are  formed  by  dissolving  iron 
in  an  acid,  or  by  the  reduction  of  ferric  salts. 

FcjCI,  +  Zn  =  (FeCI,),  +  &»CV 

They  are  usually  of  a  green  color  in  the  hydrous  state.     Exposed 
to  the  air,  they  oxidize  to  ferric  salts. 

4reO  +  Oa  =  2Fc,0,. 

Ferrous  Chloride  (FeCl,)  is  formed  when  iron  is  dissolved 
in  h>drochloric  acid.  It  cryatallizes  in  green  monoclinic  prisms, 
containing  four  molecules  of  water,  txjxjsed  to  the  air.  they 
deliquesce  and  oxidize,  forming  ferrfc  chloride  and  an  oxy- 
chloride.  The  anhydrous  chloride  which  is  formed  by  i)assing 
hydrochloric  acid  gas  over  iron  thai  is  heated  to  redness,  is  a 
volatile,  yellowish-white,  very  soluble  solid. 

Ferrous  Iodide  —  Ferri  lodidum  (Br.),  (Felj)  —  is  ob- 
tained in  solution  by  adding  an  excess  of  iron  to  iodine  sus- 
pended in  warm  water,  until  the  solution  is  |^le  green. 

Ferri  lodidum  Saccharatum — Sacharated  Ferrous 
Iodide  (U.  S.  P.) — is  made  by  reacting  upon  iron  wiih  iodine 
in  the  presence  of  water,  evaporating  the  solution  to  dryness,  and 
mixing  with  sugar  of  niilk. 

Syrupus  Ferri  lodidi  is  also  official.  It  contains  about  10 
per  cent,  of  Fel^. 

Ferrous  Oxide  (FeO)  is  a  black  powder,  produced  by  the 
reduction  of  ferric  oxide  by  carbon.     It  easily  oxidizes  again. 

Ferrous  Hydroxide  (Fe(OH),)  is  precipitated  from  ferrous 
solutions,  by  alkaline  hydroxides,  as  a  while  powder.  It  also 
oxidizes  readily.  iK-coming  green,  and  then  brown. 

Ferrous  Sulphate  — Protosulphate  of  Iron — Green  Vit- 
riol—Copperas— Ferri  Sulphas  (U.  S.  K,  Br.),  (FeSO^- 
.yHjO) — IS  obtained  pure  by  dissolving  iron  in  dilute  sulphuric 
acid. 

Fe  -I-  H^O,  or  FeSO,  -f-  H^ 

For  commercial  use  it  is  obtained  from  pyrites  ( FeS,)  by  oxida- 
tion, and  as  a  by-product  in  other  processes.  It  fonns  oblique 
rhombic  prisms.  At  a  red  heat  it  decomposes  into  ferric  oxide, 
and  sulphur  di-  and  trii»xitlt:s.  On  this  pro()ciLy  is  based  the 
production  of  fuming,  or  Nordhausen  sulphuric  acid. 
Green  vitriol  has  an  extended  use  in  the  arts.     Among  other 
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Ferrous  Tartrate  (FeC.H^O,)  is  formed  by  dissolving  iron 
in  u  hot.  strong  suliition  of  tartaric  acid. 

Ferric  Compounds. —  Ferric  Chloride — Sesquichlor- 
ide  of  Iron  —  Perchloride  of  Iron  —  Fcrri  Chloriduni 
(U.  S.  P.),  (Fe,Cl<j) — may  be  obtained  in  anhydrous,  volatile,  de- 
liquescent plates,  by  he.iting  iron  in  chlorine  gas.  It  may  be 
formed  in  solution  by  dissolving  iron  in  hydrochloric  acid  and 
adding  a  little  chlorine  water  or  nitric  acid  ;  or  by  dissolving 
the  oxide  or  hydroxide  in  hydrochloric  acid  ;  or  by  the  action 
of  chlorine  on  a  solution  of  ferrous  chloride.  To  obtain  the 
solid,  it  is  only  necessary  to  evaix)rate  and  crystallize. 

It  forms  yellow,  crystalline  masses  or  rhombic  plates,  readily 
soluble  in  water,  alcohol,  or  ether. 

The  Liq.  ferri  chloridi  (,U.  S.  P.).  or  Liq.  fcrri  perchloridi 
(Br.),  is  an  aqueous  solution  containing  an  excess  of  acid. 

The  U.  S.  P.  preparation  contains  37.8  per  cent,  of  ferric 
chloride. 

The  Tinct.  fcrri  chloridi  (U.  S.  P.)  is  the  same,  diluted  with 
alcohol,  and  contains  also  ethyl  chloride  and  ferrous  chloride. 
It  contains  about  13.6  \*ct  cent,  of  Fe.Cl^. 

Ferric  Oxide  —  Sesquioxide  of  Iron  (Fe,Oj)  exists  in 
nature  as  haematite,  and  may  be  formed  by  heating  the  oxygea 
comjxumds  of  iron  in  the  air.  On  a  large  scale,  it  is  obtained 
by  distilling  ferrous  sulphate,  which  first  turns  white,  from  loss 
of  water;  then  yellow,  owing  to  the  formation  of  an  oxhydrate, 
and  finally  to  a  brick-red  ferric  oxide.  It  is  used  as  a  polishing 
material,  under  the  names  of  colcothar,  red  crocus,  jewel- 
ler's rouge,  or  caput  mortuum. 

Ferrous-ferric  Oxide  (Fe^Oj  =  FeO.Fe,0,)  occurs  native 
as  magnetite.  It  may  be  obtained  artificially  by  conducting 
steam  over  ignited  iron.     It  constitutes  the  natural  magnets. 

Ferric  Hydroxide— Fcrri  Oxidum  Hydratum  (U.S.P., 
Br.),  (Fe/OH;,)— is  a  volummous,  reddish-l)rown,  gelatinous 
mass,  precipitated  by  alkaline  hydroxides  from  ferric  solutions. 
When  dried  at  100°  C.  (212^  F.),  it  loses  2HjO.  Freshly  pre- 
cipitated ferric  hydroxide  is  soluble  in  a  solution  of  ferric 
chloride  or  acetate,  and  if  such  a  solution  be  dialyzed,  the  iron 
salt  dilTiiscs,  leaving  the  pure  ferric  hydroxide  on  the  dialyzer. 
The  dialyzed  iron  so  obtained  is  coagulated  by  heat,  acids,  or 
alkalies  itito  a  jelly-like  moss.  It  is  a  good  antidote  in  arsenic 
poisoning. 

Ferric  Sulphate  (Fe/SOJ,)  is  obtained  by  dissolving  the 
oxide  in  sulphuric  acid.     It  remains,  after  evaporating  the  solu- 


I 


MBIHCAL   CHEMISTRY. 


tion,  as  a  white  mass,  which  dissolves  readily  in  water,  forming 
the  Liquor  fcrri  tersulphatis  (U.S.  P.).  Ihis  solution  is 
a  dark,  reddi.th-brown  liquid,  having  an  acid,  styptic  taste. 
Another  sulphate,  which  is  basic,  is  formed  by  treating  ferrous 
sulphate,  77  |xins,  with  nitric  acid,  and  evai>orating,  after  add- 
ing 7  parts  sulphuric  acid. 

'liiis,  in  solution,  is  the  Liq.  fexri  subsulphatis,  or  Mon- 
seVs  solution,  Ke,0(SO/)j. 

Ferric  Aluni— Ammonio-fcrric  Alum — Fcrri  ct  Am- 
monii  Sulphas  (U.S.  I'.),  .  NHJ,Ke,(SOJ,.24H,0)— is  pre- 
pared by  adding  a  solution  of  ammonium  sulphate  to  a  solution 
of  ferric  bul])hate,  and  evaporating  down  and  allowing  it  to 
crystallize.  The  crystals  are  colorless  or  pale  amethyst,  regular 
octahedra,  soluble  in  3  parts  of  water  at  15**  C.  (59^  F.).  *lhe 
solution  has  an  acid  reaction  and  an  astringent  taste,  but  not  so 
astringent  as  fernc  sulphate.  It  gives  the  reactions  for  ferric 
iron,  ammonia,  and  sulphates.  It  is  employed  in  medicine  as  an 
astringent,  both  internally  and  locally. 

Ferric  Nitrate  (Fej(NOJJ  is  formed,  together  with  ferrous 
nitrate,  by  dissolving  iron  in  nitric  acid.  The  Liq.  fcrri 
nitratis  (U.S.  V,),  or  Liq.  fcrri  pcrnitrati8(Hr.),  is  an  aqueous 
solution  of  ferric  nitrate,  containing  about  6. a  per  cent,  of  Fc,- 
(^NO,)^  Ferric  nitrate  crystallizes  in  rhombic  prisms  with 
i8H|0,  or  in  cubes  with  12H3O. 

Scale  Compounds  of  Iron. — These  are  certain  salts  of 
iron,  mostly  with  organic  acids,  which  do  not  crystallize  readily, 
but  are  )mt  into  the  market  in  the  form  of  thin  scales.  They 
are  prepared  by  cvaj>orating  their  solutions  to  a  thick,  syrupy 
consistence,  sjjreading  ujxjn  glass  plates,  drying,  and  then  de- 
taching the  thin  scales  from  the  glass,  1  hey  are  all  used  in 
medicine. 

Fcrri  Citras  (U.  S.  P.) — citrate  of  iron— is  prepared  by 
dissolving  freshly  i»recipitated  ferric  hydroxide  in  a  solution  of 
citric  acid,  and  eva|Jorating  the  solution  to  the  projier  consistency 
and  scaling.  After  its  afiueoussolution  has  been  evaporated  ujron 
glass,  It  forms  beautiful,  thin,  transi^rcnt  scales,  of  a  garnet-red 
color,  slowly  soluble  in  cold,  but  freely  in  hot  water,  and  possess- 
ing a  mild,  chalybeate  taste. 

Fcrri  et  Ammonii  Citras  (U.  S.  P.) — citrate  of  iron  and 
ammonia — is  formed  by  treating  a  solution  of  citrate  of  iron 
with  ammonium  hydroxide,  and  evaporating  at  a  temperature 
that  should  not  exceed  60°  C.  (140°  F.). 

it  also  furms  ganiet-red  scales,  which  are  readily  and  wholly 
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Bolul^le  in  water,  forming  a  solution  that  is  neutral  to  litmus  paper 
and  slightly  styptic  in  taste. 

Fcrri  et  Ammonii  Tartras  (U.  S.  P.)— tartrate  of  iron 
and  ammonia,  a  double  salt — is  formed  by  the  action  of  tartaric 
acid  U[>on  ferric  and  ammonium  hydroxides.  Upon  evaporating 
the  solution,  garnet-red  scales  remain,  which  are  slowly  soluble 
in  water.  Their  solution  is  neutral  to  test  jxiper,  and  is  of  a 
sweetish,  rather  pleasant  taste. 

Ferri  et  Potassi  Tartras  (U.  S.  P.)— Ferrum  Tartara- 
tum  (Br.)  — potassio-tartrate  of  iron —may  be  obtained  by 
dissolving  ferric  hydroxide  in  a  solution  of  acid  tartrate  of 
potassium,  and  evajx>rating  on  glass.  It  forms  rul>y  red  scales, 
having  about  the  same  properties  as  the  ammonio  tartrate. 

Fcrri  et  Quinise  Citras  (U.  S.  P.,  Br.)— citrate  of  iron  and 
quinine— contains  citric  acid,  ferric  hydrate,  and  quinine  citrate. 
It  is  prepared  by  adding  quinine  and  a  little  citric  acid  to  a 
solution  of  ferric  citrate,  and  evaporating.  It  forms  transparent 
scales  of  a  greenish  tint,  slowly  sohible  in  cold  water,  but  freely 
in  hot  water,  forming  bitter,  slightly  styptic  solutions. 

Fcrri  et  Strychniae  Citras  closely  resembles  the  citrate 
of  iron  and  ammonia  in  appearance,  hut  has  a  bitter  tasit,  and 
gives  a  white  precipitate  with  ammunium  hydroxide.  It  is  pre- 
pared by  adding  a  solution  of  strychnine  citrate  to  a  solution  of 
citrate  of  iron  and  ammonium,  evaporating  on  a  water  bath  to  a 
syrup,  and  drying  on  glass. 

Fcrri  Phosphas  (U.S.  P.,  Br.),  (Fe,(PO.),).— Phosphate 
of  iron  occurs  as  the  result  of  a  double  decomposition  between 
ferric  sulphate  and  sodium  phosphate.  U  forms  a  bright,  slate- 
colored  powder,  insoluble  in  water,  but  soluble  in  acids. 

Fcrri  Pyrophosphas  (U,  S.  P.),  (Fej(Pj< ),),).— Pyrophos- 
phate of  iron  is  formed  by  adding  a  solution  of  sodium  pyro- 
phosphate to  a  solution  of  a  ferric  salt.  It  does  not  crystallize, 
but  forms  scales  upon  evaporating  its  solution.  These  are  thin, 
apple-green  in  color,  turn  dark  on  exi>osure  to  the  air,  and  arc 
Holublc  in  water,  but  not  in  alcohol.  Ammonium  hydroxide 
produces  no  precipitate  in  its  solution,  but  sodumi  hydroxide 
does.  The  official  salt  contains  48  per  cent,  of  anhydrous  ferric 
pyrophosphate. 

NICKEL. 

Occurrence,  Preparation,  and  Properties. — This  metnl 
is  found  native  m  meteorites,      Its  most  common  ores  are  Nic- 
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colite  (Ni,AS,)  and  Nickel  Glance  (NiAs,NiS,).  These  ores 
of  nickel,  howevtfr,  usually  also  contain  cobalt,  and  the  cobalt- 
oiis  ores  are  also  commonly  nickel-bearing.  The  separation  of 
nickel  from  its  ores  is  a  very  complicated  process,  and  for  an 
account  of  it,  the  reader  is  referred  to  works  on  metallurgy. 
Nickel  may  be  prepared  chemically  pure  by  igniting  its  oxalate 
or  carbonate  in  a  stream  of  hydrogen.  This  metal  is  silver 
white,  tenacious, and  very  lusJrous.  Sp.  gr.  8.9.  It  is  attracted 
by  the  magnet.  It  does  not  alter  in  the  air,  but  dissolves  in  the 
mineral  acids,  especially  nitric. 

Compounds. — The  following  are  the  most  common  of  the 
nickel  cDm|iounds  ;  they  are  mostly  ous  compounds,  having  the 
general  form  NiR,,  and  all  possess  a  green  color:  nickelous 
hydroxide  (Ni(OH),),  nickelous  chloride  (NiClj.GHjO), 
nickelous  cyanide  (Ni(CN)3),  nickelous  sulphate  (NiSO^- 
-yHjO),  and  nickelous  sulphide  (NiS).  Nickelic  oxide 
(Ni,0,)  and  hydroxide  (Ni3(OH)J  exist,  and  are  similar  to  the 
corres|>onding  cobalt  compounds.  Nickel  is  used  largely  in 
certain  alloys  and  for  electro-plating. 


COBALT. 

Co  =  59.5. 

Occurrence,  Preparation,  Properties,  etc.— Smaltite 
(CoAsj)  and  cobaltite  (CoAs,.CoS,t  are  ihe  most  commonly 
occurring  native  ores  of  cobalt.  It  is  prepared  in  the  same 
manner  as  nickel.  It  is  a  while  metal,  tenacious,  and  fusible 
with  great  difficulty ;  sp  gr.  8.9.  Its  other  properties  are  very 
similar  to  those  of  nickel. 

Cobalt  Compounds  are  also  chiefly  ous,  corresponding  to 
the  general  form  CoRj.  Those  containing  water  have  a  reddish 
color;  the  anhydrous  compounds  are  l)li]e. 

The  cobaltous  compounds  are  cobaltous  chloride  (CoClj), 
cobaltous  hydrate  (Co(HO),),  cobaltous  sulphate 
(CoSo,.;!!/)),  cobaltous  nitrate  (Co(No,),.6H,0),  and 
cobaltous  sulphide  (CoS). 

The  cobalt  ic  comijounds  arc  cobaltic  oxide  (CojOjl  and 
cobaltousxobaltic  oxide  (Co,(),  =  Co,0,.CoO.)  The  latter 
corresponds  to  magnetite  {Fe,0,). 

The  last  six  elements  of  group  viii  are  usually  classed  as 
"metals  of  tlie  platinum  ores,"  or  the  platinum  group  of 
metals.  Ihe  platinum  ore,  or  crude  alloy,  occurs  in  small 
metallic  grains  in  sands  of  a  few  regions,  chiefly  in  the  Ural 
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Mountains,  Brazil,  and  Ceylon.  These  metals  all  form  hydroxides 
(or  salts  representing  them)  having  acid  proi>erties,  and  therefore 
play  both  the  positive  and  negative  rOle.  Platinum  is  the  only 
one  used  to  any  extent  in  the  metallic  condition. 

PLATINUM. 


Occurrence,  Properties,  etc. — It  exists  in  nature  asso- 
ciated with  the  other  meinbtrs  of  the  group;  also,  in  ores  con- 
taining gold,  lead,  silver,  and  iron. 

It  is  a  lustrous,  white  metal;  sp.  gr.  21.5.  It  is  very  tena- 
cious, malleable,  ductile,  and  is  capable  of  being  drawn  out  into 
very  fine  wire.  At  high  temperatures  it  softens  without  melting  ; 
it  fuses  at  about  1770''  C.  (3218°  F.).  Upon  heating  the  double 
chloride  of  platinum  and  ammonium,  it  decomposes,  leaving  a 
grayish-black,  s]  ongy  mass  called  platinum  sponge.  This 
latter  has  the  property  of  absorbing  great  (|uantities  ol"  certain 
gases.  A  jet  of  hydrogen  projected  upon  it,  readily  inflames  by 
the  condensation  and  oxidation  of  the  hydrogen  in  the  pores  of 
the  sponge,  the  heat  developed  being  sufficient  to  ignite  the 
hydrogen.  Platinum  is  not  affected  by  the  air  or  oxygen.  It 
unites  with  chlorine,  arsenic,  silicon,  sulphur,  and  phosphorus. 
It  does  not  diwiolve  in  the  single  acir's.  and  is  only  soluble  in 
liquids  generating  free  chlorine,  as  acjua  regie.  With  many  heavy 
metals  it  forms  easily  fusible  alloys.  Therefore,  easily  reducible 
metallic  oxides,  as  those  of  arsenic,  lead,  etc.,  ought  never  to  l)e 
ignited  in  platinum  vessels.  Platinum  is  valuable  for  its  high  fus- 
ing point  and  its  power  to  withstand  oxidation.  It  is  expensive, 
because  of  its  scarcity. 

Platinum  Compounds. — These  are  of  two  series,  platinous, 
PlR,,  and  platinic,  PtK,.  in  the  tirst,  the  metal  is  more  l)asic, 
and  in  the  latter,  more  negative  in  nature. 

Platinum  Tetrachloride  (PiCl^)  is  obtained  by  dissolving 
platinum  in  aqua  regia  and  eva{.)orating  off  the  nitric  acid.  On 
evaporating,  it  crystallizes  in  soluble,  reddish-yellow  needles. 
With  ammonium  or  potassium  chloride,  and  the  alkaloids,  it 
forms  characteristic  double  chlorides.  It  is  largely  used  as  a 
reagent  to  precipitate  potassium,  ammonium,  or  the  alkaloids,  for 
quantitative  estimation. 
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OSMIUM. 

Ot  =  190.8. 

This  rare  metal,  occurring  with  some  of  the  other  platinum 
metals,  is  mentioned  here  for  the  sake  of  its  oxide  (OsO^),  which 
has  received  considerable  attention  as  a  staining  agent.  The 
metal  resembles  platinum. 

The  tetroxide  (OsO^)  (so-called  osznic  acid)  may  be  prepared 
hy  glowing  the  metal  in  air,  or  by  the  action  of  chlorine  and 
moisture  upon  osmium.  The  oxide  occurs  as  lustrous,  trans- 
parent, yellow  needles  having  a  very  irritating,  piercing  odor, 
and  is  intensely  poisonous.  It  has  been  used  to  arrest  the  mo- 
tions or  to  kill  the  organisms  in  water  for  microscopical  examina- 
tion. 

Many  kinds  of  organic  substances  reduce  this  oxide  and  pre- 
cipitate the  metal,  and  it  is  due  to  this  property  that  it  has  found 
use  as  a  staining  agent  in  histology,  to  bring  out  delicate  struc- 
tures. 

Osmic  acid  has  been  employed  as  a  remedy  in  neuralgia, 
goitre,  scrofulous  ulcers,  and  in  epilepsy,  in  doses  of  -^  grain. 


PART  IV. 


ORGANIC  CHEMISTRY. 


Carbon  and  Hydrogen. — The  substances  derived  from  the 
animal  and  vegetable  kingdoms  are  composed  principally  of  four 
elements;  carbon,  hydro^^en,  oxygen,  and  nitrogen,  with  occa- 
sionally sulphur  and  phosphorus.  Few  as  are  the  chemical 
elements  concerned,  the  ntimber  of  the  compounds  of  these  ele- 
ments is  almost  endless.  Formerly  only  those  substances  directly 
or  indirectly  derived  from  bodies  possessing  vegetable  or  animal 
life  were  considered  as  organic;  but  as  our  knowledge  increased, 
a  large  number  of  com[X)unds  were  prepared  in  the  laboratory 
from  these  bodies,  which  were  identical  with  others  prejiared  by 
plants  and  animals  ihemst-lve^.  It  was  thus  demonstrated  that 
by  pure  chemical  agencies  many  of  the  products  of  living  organ- 
isms could  be  prefwred,  and  that  a  vital  principle  was  not  neces- 
sary to  form  these  compounds;  and  also  that  by  the  same 
chemical  action  a  great  many  compounds  could  l>e  formed  whith 
could  not  be  found  in  either  animal  or  vegetable  organisms. 
This  greatly  enlarged  the  field  of  investigation,  and  a  new  mean- 
ing was  attached  to  the  term  organic  chemistry.  It  was  foimd 
necessary  to  extend  the  science  to  include  all  bodies  in  any  way 
resembling  organic  cora[>ounds,  cither  in  composition  or  pro|]er- 
lies;  /'.  f.y  all  compounds  containing  carbon  and  hydrogen. 
Carbon  and  hydrogen  are  the  indispensable  elements  to  the 
formation  of  organic  bodies;  without  the^c  we  can  have  no 
substance  capable  of  vegetable  or  animal  life.  In  the  great 
majority  of  organic  compounds  we  also  have  oxygen  or  nitrogen, 
or  both. 

Organic  Chemistry  may  be  defined  as  that  branch  of  the 
science  of  chemistry  which  treats  of  the  carbon  compounds  con- 
taining hydrogen,  either  alone,  or  with  oxygen,  nitrogen,  sulphur, 
phosphorus,  etc. 

While  inorganic  compounds,  as  a  nile,  contain  but  a  few 
atoms,  organic  com|x)unds  frequently  contain  a  large  number; 
and  the  diversity  in  organic  chemistry  is  obtained,  not  alone  by 
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rttfing  the  ktod  ai  Momm,  bat  bf  vaiyias  tiK  inia^fiBl  (rf*  a 
ftm  ki<Mh.  There  exisL,  bovcrcr.  cenun  oig^uiaeU  bodies  which 
niiwcM  a  structure  entindy  dificrect  from  that  of  axij-  knovn 
iBorgmc  body  or  artificial  orgaoic  sohiUiicc.  These  ^rgtamxtd 
•tntctsrcs  are  the  aole  prcxioct  of  rital  actioo,  and  cxnaot  be 
prodoced  in  the  laboratory.  Such  bodies  are  seca  in  the  cell  of 
\vnn%  orgaoflKat;  and  akhoogh  ve  may  be  able  at  soac  tiose  to 
COfMCroct  nolecalei  identical  with  those  ooatposrag  them,  we 
II  ncvrr  lie  able  to  impart  that  function  of  growth,  reprodoc- 
on,  anrl  other  vital  processes  which  we  call  life.  The  com* 
picxity  of  organic  compounds  may  readily  be  attributed  to  the 
inherent  projicrtict  of  carbon,  the  leading  or  most  characteristic 
element  of  which  they  are  composed.  The  atoms  of  carbon  et* 
hihit,  in  a  remarkable  degree,  a  tendency  to  combine  themselves 
into  groups  or  chains,  around  which  the  other  atonu  or  groups 
of  a(om»  arc  arranged. 

Qualitative  Examination  of  Organic  Bodies.— Organic 
bodies  may  usually  be  distinguished  from  inorganic  by  their 
behavior  wh':n  heated.  Organic  bodies  are  either  voljtilized 
when   moderately   he.ilcd,   or  decomposed   into  certain  volatile 

I/roducLs,  lejving  a  black  char  behind  them.  When  strongly 
jcjitcd  in  the  air  ihry  take  fire  and  burn.  Those  which  distil 
unchanged,  de|xjstt  carbon  when  their  vapor  is  conducted  through 
a  red  hot  IuIk. 

Carbon. — The  best  proof  of  the  presence  of  carbon  in 
the  organic  substance  i»  given  by  burning  it  in  an  atmo.sphere  of 
oxygen,  or  by  heating  it  dry  with  CuO  and  collecting  the  CO, 
evolved.  The  preicncc  of  CO,  may  be  shoA^n  by  passing  the  ga* 
from  the  combustion  thruigh  a  solution  of  lime  water. 

The  quantitative  estimation  of  carbon  is  conducted  on 
tlic  R.iine  print  ipic,  hut  the  CO.,  is  absorbed  by  a  solution  of 
potiiisiuni  hydroxide  contained  in  a  U-tuUe,  and  weighed  before 
iin;]  aftv'r  the  cx|)cri  nent.  Thj  diiTerence  in  these  weights  gives 
the  weight  of  Oo„  from  which  the  carbon  may  be  calculated, 
'I'htH  fj)K'rntion  is  conducted  in  a  specially  constructed  furnace. 
The  HuUst.inrc  tn  l>c  analyzed  is  mixed  with  the  oxide  of  copper 
in  i4  hard  gh»s<  !ul>o,  which  is  then  heated  in  the  furnace  shown 
in  Kig.  do  by  ft  row  of  gas  burners. 

The  watery  vapor  and  CO,  are  passed  through  a  previously 
weighed  tul>c,  containing  dry  CaCl,.  which  absorlis  all  the  water. 
'I'hr  CO,  iKissi*s  on  and  is  absorbed  by  the  solution  of  potassium 
hydroxide  contained  in  the  series  of  bvilbs  in  the  next  tube,  seen  at 
the  right  of  the  furnace.    When  the  combustion  is  complete}  air  ia 
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drawn  through  the  apparatus,  by  the  aspirator  bottle  shown  at  the 
right  of  the  furnace.  The  air  is  first  freed  from  moisture  and  CO,, 
by  passing  through  the  train  of  jars  shown  at  the  left  of  the  furnace. 
The  increase  in  weight  of  the  tube  containing  the  CaCl,  and  that 
containing  the  ROH,  gives  the  HjO  and  CO,  resjiectively,  from 
which  the  hydrogen  and  carbon  producing  them  may  be  calcu- 
lited.  The  oxygen  in  organic  compounds  is  always  determined 
by  the  difference  between  the  sum  of  the  other  elements  and  the 
weight  taken. 

Nitrogen  may  be  tested  for  by  burning  the  substance  in  the  air, 
when,  if  nitrogen  be  present  in  more  than  traces,  it  will  give  off 
an  odor  tike  that  of  burning  feathers  or  horn.  Some  organic  sub- 
stances containing  nitrogen,  on  being  heated,  explode.  Another 
method  of  testing  for  nitrogen  is  to  heat  the  substance  with  potas- 
sium hydroxide  and  lime  in  powder,  when  ammonia  is  evolved. 


Fig.  6a. 

This  may  be  detected  by  its  odor,  its  reaction  with  moistened 
litmus  pajier,  or  fuming  HCI. 

Sulphur  may  be  detected  in  many  cases  by  heating  the  sub- 
stance with  a  strong  solution  of  potassium  hydroxide,  and  adding 
a  solution  of  a  lead  salt,  which  is  turned  black  on  burning  if 
sulphur  be  present.  Another  method  of  testing  for  sulphur: 
Solids  are  fused  with  two  [larts  of  fwiassium  hydroxide  and  one 
of  |>otassium  nitrate.  After  collecting,  the  mass  is  dissolved  in 
water,  HCI  added,  and  sulphates  tested  for  with  BaCl,.  Liquids 
are  treated  with  fuming  HNO,,  or  a  mixture  of  HNO,  and 
KCIO,  with  a  gentle  application  of  heat.  The  solution  may  then 
be  tested  for  sulphates  as  above. 

The  halogens  may  be  detected  by  heating  the  snl>stance  with 
lime,  afterward  dissolving  in  water,  acidifying  with  H NO,,  and 
adding  a  solution  of  Hg/  NO,),.  The  halogens  are  precipitated 
either  as  Hg.Ci,.  Hg,Br„  or  Hg,I,. 
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I  Phosphorus  may  be  detected  by  fusing  the  substance  with 

I  KNO,  jjiuri  KOH,  dissolving  in  water,  and  testing  lor  j>hosjjhoric 

I  acid. 
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THE  PHYSICAL  PROPERTIES  OF  ORGANIC 

COMPOUNDS. 


The  physical  examination  of  an  organic  compound  includes  the 
detumiination  of  its  solubility  in  various  menstrua,  the  fusing 
[xjint,  the  boiling  point,  the  vapor  density,  the  freezing  point  of 
its  solutions  if  non-volatile,  its  crystalline  form  and  its  optical 
behavior  in  the  poUiriscope. 

Fusing  Point. — When  pure,  the  fusing  point  of  organic  com- 
pounds is  fairly  constant.  Some  of  these  compounds,  however, 
decomitose  before  reaching  their  fusing  points. 

The  fusing  point  is  usually  determined  by  placing  a  small 
quantity  of  ihc  sultsiance  in  a  capillary  tube,  made  by  drawing  oflT 
a  piece  of  glasji  tubing  after  heating  it  in  the  tiame  of  a  Bunscn 
burner.  This  tube  is  now  fastened  to  the  side  of  a  thermometer 
by  a  rubber  l>and,  so  that  the  substance  is  opposite  the  bulb  of  the 
thermometer.  The  tlierraonietcr  and  capillary  tube  are  then 
placed  in  a  bath  of  water,  or  paraffin,  contained  in  a  l>eaker  or 
fbsk,  and  the  bath  is  gradually  heated.  When  the  substance  melts, 
the  tem])eratiire  of  the  baih  is  noted. 

Boiling  Point. — Most  organic  liquids  boil  at  a  constant 
temperature,  and  without  decomposition.  A  mixture  of  different 
liquids  does  not  have  a  constant,  but  a  variable  boiling  i>oint. 
The  boiling  point  at  a  constant  atmospheric  pressure  is  one  of  the 
most  important  means  of  determining  the  jnirity  and  the  identity 
of  an  organic  compound.  The  boiling  jx^ints  of  organic  liquids 
serve  to  separate  one  from  another  having  a  higher  or  lower  bail- 
ing point,  by  the  process  known  as  fractional  distillation.  In 
this  process,  the  mixed  liquids  are  placed  in  a  retort  or  distilling 
flask  wiih  a  thermometer  suspended  above  the  liquid  ;  heat  is  now 
apjdied  to  the  retort  and  the  distillates  coming  over  at  fixed  in- 
tervals of  temperature  are  collected  scj>arately.  By  repeating  the 
process,  the  liquids  may  finally  be  sei-arated.  The  boibng  |K)int 
of  a  liquid  is  determined  by  placing  it  in  a  distilling  flask,  or 
retort,  and  susi)ending  a  thermometer  through  a  perforated  cork 
in  the  neck  of  the  flask  so  that  the  bulb  is  just  above  the  surface 
of  the  liquid.  That  is,  we  determine  the  temi>eraiure  of  the 
escaping  vajior. 

Vapor    Density. — The  vapor  density  of  volatile  organic 
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compounds  affords  an  easy  and  certain  means  of  determining 

ihcir  molecular  weights.      By  page  84,   we  have  seen   that  ihe 

molecular  weight  of  any  body  is  twice  iis  density  in  the  gaseous 

state,  or  the  density  of  a  gas  or  vapor  is  half  its  molecular  weight. 

The   easiest    way   of  determining 

the  vapor   density  o(  a  substance  fic.  61. 

is  that  known  as  Victor  Meyers'. 

The  ap|*aratus  (represented  by 
Fig.  61),  consists  of  an  outer 
iuhe  of  glass  (tf),  the  bulb  of 
which  contains  water  or  other 
fluid  which  has  a  constant  and 
known  boiling  point.  The  inner 
tul»e  (^)  contains  air,  is  stop]>ered 
at  the  upper  end,  and  is  provided 
with  a  delivery  tube  ((/)  to  allow 
ihe  escape  of  the  air,  as  it  is  heated 
by  the  vapor  of  the  boiling  fluid 
in  ihcr  outer  tube. 

The  open  end  of  this  tube  is 
placed  in  a  cup,  under  water, 
while  Ihe  water  is  being  boiled. 
As  soon  as  ihe  air  ceases  to  escajje 
from  the  delivery  tube,  the  cork 
is  removed  from  the  top  of  the 
inner  tube  (/),  and  a  small  vial 
containing  a  weighed  amount  of 
the  liquid  to  be  examined  is 
dropped  in  and  the  cork  quickly 
inserted.  'I'he  heat  boils  the  liquid. 
forces  out  the  stop]>er  in  the  vial, 
and  the  vajxjr  thus  produced  drives 
out  an  equal  volume  of  air  through 
the  delivery  tube. 

This  air  is  collected  in  the  grad- 
uated tube  (/),  previously  placed 
over  the  open  end  of  the  delivery        ^iw.k  ,wi:m:ks  ArrAKAnv 
lube,  and  carefully  measured. 

The  volume  of  air  obtained,  represents  the  volume  of  the 
vai>or  at  the  temperature  of  boiling  water  or  of  the  liquid  used  in 
the  outer  tube.  The  true  volume  under  standard  conditions  is 
now  to  be  calculated  by  the  formula  given  on  i^age  19.  Practi- 
cally, this  correction  is  usually  made  by  reference  to  tables  pre- 
pared for  the  pur[X)se. 
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The  volume  of  the  va[jor  of  a  liquid  of  known  weight  hiving 
been  determined,  we  may  easily  calculate  ihe  density-  For  ex- 
ample, suppose  o.r  grui,  of  alcohol  be  taken,  and  we  find  48.5  c.c- 
ofair  after  making  the  necessary  corrections.  Now,  o.i  grm.  of 
hydrogen  measures  1116  c.c  at  o*^  C  and  760  mm.  pressure.  We 
now  compare  these  volumes  and  we  have  '^J,'*  =^  23,  or  the  hydrogen 
occupies  23  times  the  volume  of  an  equal  weight  of  alcohol  vapor. 
Or,  one  litre  of  hydrogen  under  standard  conditions  weighs 
0.0896  grm.,  a  crith.  One  c.r.  of  hydrogen  then  weighs  .0000896 
grm.;  48.5  c.c.  of  hydrogen  will  weigh  .0043956  grm.  By  dividing 
the  weight  of  the  alcohol  taken,  o  i  grm.,  by  the  weight  of  48.5 
c.c.  of  hydrogen,  we  obtain  23  as  the  density  of  the  alcohol  vapor. 
As  the  density  of  the  alcohol  vapor  is  23,  its  molecular  weight 
must  be  46, 

We  may  determine  the  molecular  weight  of  substances  that 
will  not  wholly  volatilize  without  decom|X)sing,  by  the  method 
of  Raoull.  This  methcxi  consists  in  determining  the  amount 
of  the  lowering  of  the  freezing  point  of  a  solvent,  due  to  the 
substance  dissolved  in  it.  The  lowering  of  the  freezing  point 
is  proportional  to  the  quantity  of  the  solid  in  solution.  While 
this  law  is  not  perfectly  uniform  for  inorganic  substances,  it  is 
nniformly  so  with  organic  substances  with  a  very  few  exceptions. 
Let  1  f^raiu  of  a  cotnjauund  lie  dissolved  in  100  grams  of  a  liquid 
with  which  it  forms  no  chemical  union.  l,et  the  molecular 
weight  of  this  compound  be  represented  by  M.  If  we  now 
cause  the  solution  to  freeze,  we  shall  observe  that  it  freezes  at 
a  lower  temperature  than  the  solvent.  This  depression  of  the 
freezing  point  we  will  represent  by  I).  If  we  nuiltiply  this  de- 
pression by  M,  the  molecular  weight  of  the  cotnpound,  we  shall 
have  the  depression  for  M  grams  of  the  substance;  /.  ^.,  the 
molecular  weight  expressed  in  grants.  Let  this  be  represented 
by  T.  Then  we  shall  have  U  X  M  —  T.  Raoull  found  that  the 
value  of  T  is  very  nearly  constant  for  the  same  solvent.  The 
value  of  T  for  water  is  19,  for  acetic  acid  39.  for  benzene  49, 
Now.  as  D  is  determined  by  experiment,  and  T  is  constant,  M 
may  be  easily  calculated  by  dividing  T  by  I),  or  M  ^=  ^.  For 
example,  a  solution  of  glucose  containing  10  grams  to  too  grams 
of  water  was  placed  rn  a  l>eaker  of  400  c.c.  capacity,  and 
provided  with  a  three-holed  cork,  one  hole  for  the  thermometer 
and  one  for  the  stirring  rod.  It  was  cooled  to  —  2°  C.  A 
crystal  of  ice  from  a  similar  solution  was  dropped  in  to  make  it 
freeze.     The  thermometer  rose  to  —  1.06^  C.      The  depression 
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due  to  I  gram  was  then  one-tenth  of  this,  or  o.io6°  C.  Hence, 
19  -f-  o,io6  ^^  I  79  as  the  inolectilar  weight  of  glucose.  Analysis 
gives  us  ths  empirical  formuli,  CH,0=  30.  By  muhi[!lyingthis 
number  by  6  the  result  is  180,  which  is  near  enough  to  determine 
that  as  its  formula,  instead  of  any  other  multiple  of  30.  The 
slight  difference  here  is  withiti  the  limits  of  experimental  error. 
To  deduce  the  formula  from  analysis.  Rule:  Divide 
the  percentage  of  each  element  by  its  atomic  weight,  and  express 
the  ratio  of  these  quotients  id  their  lowest  terras. 

Analysis  of  Alcohol. 

C  =  52.16. 
0  =  34.80. 
H  =  13,04. 

52.16  -{-  13  ^=    4.34  asoms  ofcu-b^n. 
34.80  -f-  16  =r    3.17  aluim  ufuny^ea. 
13.04  -i-  I     ^  13.04  atoms  of  hydrogen. 
Ratios,  C  4-34.  O  2.17,  H  13.07. 

Lowest  terms,  C  2,       U  i,       H  6. 

As  per  cent,  is  c<quivalcnt  to  parts  in  one  hundred,  we  may  cal- 
culate the  amount  of  carbon  in  each  niole*:ule  by  the  following 
profx)rtion :  100:  46:  :  52.16:  23.99;  or  in  46  parts  of  alcohol 
there  are  approximately  24  parts  of  carbon. 

For  oxygen  we  have  100 :  46  ::  34.80  :  x  =  16.00S. 

For  hydrogen  we  have  100  :  46  :  :  13.04  :  x  =  5998.  The 
atomic  weight  of  carbon  is  known  to  be  1 2,  or  each  molecule  con- 
tains 2  atoms  of  carbon.  As  the  atomic  weight  of  oxygen  is 
16.  each  molecule  contains  one  atom  of  oxygen.  As  the  atoitiic 
weight  of  hydrogen  is  i,  each  molecule  of  alcohol  contains  6 
atoms  of  hydrogen. 

The  molecular  formula  of  alcohol  is  C,H,0,  making  the  mole- 
cular weight  46.  The  va|X)r  density  of  alcohol  we  found  above 
to  be  23.  its  molecular  weight,  therefore,  is  46. 


DETERMINATION  OF  THE  CONSTITUTION 
OF  ORGANIC  COMPOUNDS. 

This  is  possible  only  wlien  we  know  the  behavior  of  the  com- 
pound with  reagents.  This  may  be  illustrated  as  follows:  When 
we  treat  an  ethereal  solution  of  CH,1  with  sodium  we  set  free  the 
methyl. 

CH,I  +  Na  =  CHj  -\-  Nal. 


308 


MVDICAL    CHEMISTRY. 


This  CH,  must  have  one  free  bond  of  attraction,  thus : 

I 

H— C— H 
H 

Tlie  vapor  density  of  this  gas  is    15      Tlic  molecular  weight, 
therefore,  is  30,  or  corTesix>nds  to  C,H, ;  /.  ^.,  the  two  methyl 


radicals  unite  by  their  free  bonds,  and  we  have  I 

By  treating  C,H„  with  chlorine  we  form  C' H^Cl.  This  treated 
with  KOH  gives  C,H/_)H,  or  ethyl  alcohol.  As  OH  has  taken 
the  place  of  CI  in  CjHjCl,  we  conclude  that  the  OH  has  gone  in 
as  hydroxyl.  This  atom  of  hydrogen  can  be  rejilaced  with 
sodium  or  potassium,  but  none  of  the  others  in  the  molecule  can 
be.  This  atom,  therefore,  has  a  diflerent  position  in  the  mole- 
cule from  the  others.  The  relation  of  the  carl>on  atoms  is 
not  destroyed  by  the  above  reaction,  and  therefore  we  arrive  at 


^ 


the  conclusion  tliat  the  formula  is   | 


C=^H, 


^\ok 


Again,  we  have  the 


reactions, 


C,H,0  +  HCl  ---  CjH^Cl  -\-  H,0. 

t.  f.y  we  have  the  C,H^  and  OH  grou|is  in  alcohol.    And  apai'n,  if 
we  treat  C^H^Cl  with  nascent  hydrogen,  we  obtain  C,Hj  and 


C^H, 


HCl.     C,H,  we  have  seen  above  to  be  di-mcthyl,  or  | 

In  methyl  ether,  which  is  isomeric  with  alcohol,  no  one  of 

the  hydrogen  atoms  can  be  replaced  with  sodium  or  jKJtassium. 
When  we  remove  the  oxygen  atom  with  HI  the  connection 
of  the  carl>on  atoms  is  broken,  with  the  formation  of  compounds 
haviLg  one  carbon  atom  only.     Tixus: 

C,H.O  -h  HI  =  CH^O  +  CH,I, 

or 
CjH^O  -\'  aHI  =  aCH,I  4-  11,0. 

This  shows  that  the  oxygen  atom  in  methyl  ether  acts  as  a  link 
between  the  two  carbon  atoms,  as  its  removal  breaks  the  molecule 
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apart;  also  that  the  hydrogen  atoms  are  all  alike  in  the  molecule. 
Hence,  the  formula  would  be  represented  as  follows: 

O        ,    The  formula  of  alcohol  would  be  represented  as  fol- 

lows:  CHj  —  CHjOH.     In  the  same  way  we  determine  that  the 

rational  formula  of  acetic  acid  is  I 

c=o 
-OH 

It  is  the  aim  of  chemists  to  follow  out  such  reactions,  for  all 
organic  bodies  to  determine  the  rational  formula.  This  has  been 
done  for  most  organic  substances.  When  we  know  the  structure 
of  the  molecule  of  the  substance  we  are  able  in  many  cases  to 
construct  it  synthetically.  Thus,  if  wc  compare  the  following 
formulae,  we  see  a  close  resemblance : 

H 

C 

HC      CH 
-H  HC      C  — O- 

c  — c  =  o 
\ 

O  — H 

If  we  treat  the  first  of  these  substances  with  sodium  hydroxide, 
we  obtain  C^HjONa.  If  we  treat  this  at  a  high  temperature  with 
CO,,  this  gas  enters  the  molecule,  CO  going  in  with  the  NaO 
group  to  give  C.H^COONa.  The  other  Ogoes  to  the  neighbor- 
ing carbon  atom  and  gives  Oil.  Thus  salicylic  acid  is  pre- 
])ared  from  carbolic. 

The  atoms  of  carbon  exhibit,  in  a  remarkable  degree,  a  ten- 
dency to  combine  themselves  into  groups  or  chains,  around 
which  the  other  atoms  or  groups  of  atoms  are  arranged.  In 
other  words,  the  carbon  atoms  are  the  skeleton  in  and  upon 
which  a  very  complex  stnicture  may  be  built.  The  underlying 
principle  of  organic  chemistry  is  the  grouping  of  the  carbon  atoms, 
and  ui>on  these  groups  the  whole  suptrslructure  is  based. 

Hydrocarbons.— Carbon  Nuclei. — Carbon  is  a  tetrad  and 
can  combine  with  four  monads.     As  has  been  said,  it  can  also  unite 


H 

H 

C 

=  C 

/ 

\ 

HC 

CH 

^ 

1! 

C 

—  c  — 

H 
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with  another  carbon  atom,  and  the  two  atoms  thus  united  will 

H\         /H 
combine  with  six  monad  or  hydrogen  atoms:  H— C — C — H 

H/         \H 

Three,  four,  five,  or  any  number  (n)  atoms  of  carbon  may  thus 
unite,  theoretically  at  least,  and  give  rise  to  a  chain  of  atoms, 
which  has  been  called  an  open  chain.    Again,  the  same  atoms 


I 


/  \  //  \ 

=rC  C^        — C  C— 

may  combine  as  follows:  I         i    ^^"^     1         \[ 

~  \  /  ~  ^  / 

c  c 

II  I 

giving  rise  to  closed  chains,  or  cycles. 

By  a  little  consideration,  it  will  be  seen  that,  in  either  of  the 
first  two  formulae  given  above,  if  we  increase  the  carbon  atoms 
in  any  given  formula,  we  also  increase  the  number  of  bonds,  or 
points  of  contact  for  hydrogen  atoms,  by  two  for  every  carbon 

H    H    H  H    H    H    H 

atom  added.     Thus:  H— C— C— C— H-1-CH,=  H— C— C— C— C— H; 

AAA  AAAA 

HHHH  HHHHH 

U^-C-h—C—C—ll  +  CH,  =  H— C— C— C— C— C— H; 

HHHH  HHHHH 

and  so  on. 

We  thus  have  a  series  of  hydrocarbons  diifering  from  each 
other  by  the  constant  quantity  of  CHj.  Such  a  series  is  called 
a  homologous  series.  In  the  same  chain  of  carbon  atoms, 
we   might   have   the  following  arrangement    of    the  bonds  of 

H  H 

attraction :—  H— C— C  -.^  C  -f  CH,  ^ 

A  A  A 

H    H      H    H  HHHHH 

H— C— C      C— C— H  f  CH,  -  H-C— C  _  C— t-C— H. 

A        A  A        AA 
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This  gives  rise  to  another  homologous  scries,  each  member  dif- 
fering from  the  corresponding  member  of  the  series  above  men- 
tioned by  the  constant  quantity  of  H,,  and  known  as  the  isolo- 
gous  series.  In  the  vertical  columns  of  the  folluwiiig  table 
we  have  the  homologous  series;  in  reading  from  left  to  right, 
we  have  the  isologous  series  of  hydrocarbons. 


CH. 

CH  « 

qrf. 

C.H. 

C.H, 

C,H, 

cn™ 

c.u. 

CH 

t\H,. 

C.H,. 

C,H„ 

cJh" 

C,llu 

C,H„ 

C-H.^. 

C.H„ 

c» 

C.H, 

^S; 

f:!i; 

^y» 

C,H„ 

c;h^   . 

C,H^ 

This  table  does  not  by  any  means  represent  all  the  possible 
coni{xiunds,  but  gives  an  idea  of  how  all  known  hydrocarbons 
may  be  classified,  by  exlendmg  the  table. 

The  memliers  of  these  series  having  but  a  few  carbon  atoms  in 
their  molecules  are  termed  the  lower  members,  and  those  having  a 
higher  number  of  carbon  atoms,  the  higher  memtjcrs. 

Isomerism  Polymcrism. — Besides  the  method  of  group- 
ing the  carbon  nuclei  which  we  have  indicated,  a  variety  of 
other  methods  may  be  conceived,  some  of  which  really  exist. 
Thus  the  group  containing  four  carbon  atoms  may  be  arranged  as 


H    H    H    H 


H    H    H    H 


follows 


H— C-C— C— C— H,   H— C— C=C-C— H, 


I     M     I 

11     H     El     H 


H    H    H 


I[        H 


H— C— C— C— H,         H— C C— II 

A  I  A 


H— C— H 

I 
H 


H— C C— H 

I  I 

H        H 


The  first  and  third  of  these  would  have  the  same  number  of 
atoms  and  the  same  formula,  C^Hj^,,  but  would  have  different 
physical  and  chemical  properties.  Compounds  having  the  same 
chemical   composition    but   possessing  diH'erent   properties,  are 


t^nknown. 


ais 


Cermed  taomcric  boifies.    TbesmeoBT  bcsad  oc  cheaecond 

mad  foncth.  or  che  above  ^bnnaiac  :  die  ooipincaZ  abrmaia.  is  C^H^ 
bat  they  are  qmce  dJtfncut  in  me  .lyiuaUii&w  ot  dieir  molecniev 
while  ihtr  are  the  saoe  in  ^imwywrnfaifc.  These  rvo  aampaiiiHfe 
are  tsoneric  Tne  rHrmfraf  and  pavsusi  properties  oc~  acganic 
comfmrsmls  depend  noc  oaW  opoa  tiie  kiadacd  aombcr  ot  acoos^ 
which  is  <lesigtiated  the  composition  ot  cbe  moiecale.  bot 
also  npon  the  arrangcxnenc  ot  the  axDos  in  the  oaofeculey  or 
the  constitatkm.  It  ts  in  this  wai-  that  we  mar  hare  srreni 
cocnpoonds.  eack  answcriog  to  the  same  fibmiala,  and  giving  the 
same  resale  on  anatrsis,  bat  tocallj  different  in  properties^  We 
maf  menrioQ  here  as  eiampics,  ammooiam  cyanate,.  NH^OCX, 

and  urea,  CO    -^ 

Abo, 

♦  h  If?  *  IchJ 

Tr'syj^min.  Sfethyf-cthTlaant.  Tri»nhyiMrin. 

In  thoM  members  of  the  above  series  of  hydrocarbons  having 
four  or  more  carljon  atoms,  we  may  have  several  isomers.  The 
ntimfier  of  these  isomers  increases  rapidly  with  the  increase  of 
the  carlion  atoms.  Thus,  there  are  two  poesible  butanes,  known 
M  btitane  and  iso-butane  or  methyl-propAoe. 

H    H    H    H  H    H    H 

„J:_U-<Lh  HJJ-i-H 

I    I   t   I  III 

11    H    H    H  H     I     H 

H— C— H 

Butane.  Methyl -propane 

or 

Iso' butane. 

As  wc  anrcnd  in  the  series,  we  find  for  QH,,  three  isomers,  for 
(\M,.  five,  for  ('iJi„  seventy-five,  and  for  C„H„  it  has  been  cora- 
piilcd  ihiit  wf  may  have  no  less  than  one  hundred  and  fifty-nine 
ifM^iiMTs.  This  faf:t  explains  why  we  can  have  an  indefinite  num- 
Ijcr  (jf  <;()U)|M*tindH  classified  in  the  above  table.  This  same  law 
ot  imum'Tn  applies  to  the  other  homologous  series,  as  well  as  to  the 
firHt. 

Polymeric  bodies  arc  compounds  having  the  same  percent- 
age (ouipfwition,  hut  different  molecular  weights.     We  have   a 
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Sinking  example  of  ihis  property  in  tlie  second  column  of  the 
uble  above.  Ethenc,  C,Hj.  Bulene,  C^H,,  and  Octene,  C\H„. 
are  jx>]ymeric  bodies.  Starch,  cellulosei  dextrin,  and  glycogen 
are  probably  polymeric  bodies. 

Nomenclature  of  Organic  Compounds. — The  nomen- 
clature of  organic  compounds  is  complicated  and  unsatisfactory. 
The  large  number  of  compounds,  and  their  endless  derivatives  to 
be  considered,  make  it  next  lo  impossible  to  devise  a  system  of 
naming  them  that  shall  meet  with  general  approval.  The  result 
of  the  rapid  advance  in  the  discovery  of  organic  compounds  has 
been  to  produce  confusion  in  this  respect. 

Certain  compounds  have  received  different  names  by  different 
observers,  and  it  is  no  unusual  thing  to  meet  with  four  or  five 
synonymous  names  for  the  same  compound.  In  consequence  of 
this  the  whole  subject  of  nomenclaiure  is  being  revised  by  an 
International  CommLssicn,  appointed  by  an  International  Con- 
gress of  Chemists,  which  met  at  Paris  in  18H9. 

The  Commission  has  publibhed.  as  the  result  of  its  deliberations, 
a  preliminary  report  embracing  sixty-two  rules  for  naming  organic 
compounds.  These  rules  are,  a.s  yet,  not  generally  adopted.  It 
may  lie  stated,  however,  that  the  nomenclature  of  organic  com- 
pounds is  in  the  titansitional  stage.  We  shall  endeavor  to  follow 
the  bist  usige  in  the  naming  of  chemical  comjjountls. 

Organic  Radicals. — In  organic  chemistry,  as  in  inorganic, 
although  to  a  greater  extent,  we  are  constantly  dealing  with  cer- 
tain well-defined  groups  of  atoms,  which  retain  their  identity 
through  a  large  series  of  rompounds,  and  behave  in  chemical 
reactions  like  simple  radicals  or  atoms. 

It  is  evident  that  by  removing  one  or  more  atoms  of  hydrogen 
from  any  saturated  hydrocarbon,  the  remaining  group  of  atoms 
may  act  as  a  compound  radical  ;  while  the  unsaturated  hydrocar- 
bons of  the  second  or  third  series  may  act  as  radicals  without  the 
removal  of  any  hydrogen  atoms. 

These  hydrocarbon  nulicals  are  usually  designated  by  ihc  ter- 
mination yl.  Thus:  CHj  is  known  as  methyl;  C^H^  as  ethyl; 
C,H(^  as  phenyl.  These  radicals  are  called,  collectively,  hydro- 
carbon or  alcohol  radicals,  and  the  quality  of  their  combining 
pjwer  is  electro- positive. 

The  following  radicals  are  frequently  met  with,  and  may  with 
advantage  be  committed  to  memory  by  the  student : 


Note. — Nf  etamerism  U  somelimcs  used  u  synonymous  with  isomerism, 
a? 


lift-,      c 


.1 


.   «*•,..      ....  V'-  •  •'-'  •'J.J      ,'\;;ri-'-''j'r'-  -  ■     cjn:i  13-3;    cr- 


«iar:ini£.  x 


'    'I 


*!'  ... 


t\ti>ti    -''.'i   -i.w    <!,«  /  » ',iin«' »  /f<  .(,  tii  ('hI'»a'  iri':  i/':-.t  ;:^aj;e  in 
|(*  •  ('  ft  f»'  '    t'«     I*  '•  I  '  'mJ'»(  ii*)i  /  I'l  ( i»*    ,il.'ivi 

I  tfb  I^MMM'fff^  I  (m  (m»  iKmi^  .If  ( li'-rnirally  iiKlifferent 
IfW'ltf"  Ifii'iu  »  III*  /  'tt*  full/  .■•iliiMlf'l  I  orii)i'MiiM)s.  They  are 
Mi»4l(|t.  t  <(||(|<iimim(.-,  ii"»  t'Mllv  .iK.iitfil  liy  PM^^rrits.  'i'hey  are 
ttiil   >n  Uil   iijiHH   li^  'tll'ill'  I  HI    .11  ii|ti       M-tiiv  "1   llitr^e  hydrocar- 
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bonsare  found  in  petroleum  and  the  gases  accompanying  it,  and 
others  are  found  in  the  products  of  the  dry  distillation  of  coal 
and  other  organic  substances.  They  may  also  be  prepared  by 
one  of  the  following  rcaclions: 

1.  By  treating  an  alkyl  iodide  with  zinc  at  160"*  C,  in  presence 
of  water. 

C,H,I  -|-HOH  +  Zn  =  C,H4+Zn|^". 

2.  By  heating  certain  salts  of  the  acids  containing  one  or  more 
carbon  atoms.  Thus,  by  heating  cAlcium  acetate  with  sodium 
hydroxide. 

(C,H.O,),Ca  +  2N»OH  =  aCH^  -f  NtjCO,  +  C»CX),, 

3.  By  the  electrolysis  of  the  acids  of  the  acetic  acid  series. 
The  lower  paraffins  are  gaseous,  and  insoluble  in  water.     Those 

below  butane  are  gases  at  ordinary  temperatures,  those  between 
C  H,„  and  C,,H^  are  liquids,  and  the  higher  meml>ers  are  solids. 
Alcohol  dissolves  the  gases  slightly,  the  liquids  readily,  and  the 
solid*  with  difficulty.  The  boiling  point,  the  melting  point,  and 
the  specific  gravity  incrca:»e  with  the  increase  of  carbon  atoms. 

Methane,  or  Marsh  Gas,  CH,.— This  gas  is  a  constant 
prod  let  of  the  decomposition  of  vegetable  matter  under  water, 
and  may  frequently  be  seen  rising  to  thesurface  of  stagnant  pools. 
It  is  produced  by  the  dry  distillation  of  coal,  and  is  therefore  a 
constituent  of  ordinary  illuminating  gas.  It  is  the  chief  con- 
stituent of  miners'  ''fire  damp."  h  occurs  in  the  gases  of  the 
intestines  to  the  extent  of  from  25  to  50  per  cent. 

Natural  gas  is  composed  of  from  go  to  95  per  cent,  of  marsh 
gas,  with  small  quantities  of  nitrogen  and  carbon  dioxide. 

Preparation. — Metliane  may  be  prepared  by  heating  a  mix- 
ture of  4  parts  of  sodium  acetate,  4  parts  of  sodium  hydroxide, 
and  6  parts  of  lime.  It  may  be  prepared  synthetically  by  the 
following  reactions  :  The  electric  arc  in  an  atmosphere  of  hydro- 
gen produces  a  small  quantity  of  ethine.  Ethinc  may  also  be 
produced  by  the  reaction  between  calcium  carbide  and  water. 
(See  calcium  carbide.) 

C,C»  +  H,0  =  C,H,  4-  C»0, 

Ethine,  when  mixed  with  hydrogen  and  paissed  through  a  tube 
containing  spongy  platinum,   forms  ethane,   CgH.C,H,  f  2H,= 

QHr 


3iUi  MKIMrAI     CBBMKXKT. 

K'.tdt'^   ;jsisb«tc   Uiro'j^L  2  beatec  tube  rive  die  fofiovag 

a'-jH,  --  »^.  H.  -*-  C,  -  zH^ 
Wij^r.  sl  :^ri»r'  'M  ♦ri'itjiric  sj^rk*  are  pasBC^  thronpb  a  im it  lire 

C-  -    3H-  =  CH.  -  H-O. 

Hy  ifi*-^  r*r*',i-'Wii  tht  eltnjfiiis  arc  made  10  yield  CH^  and 
C'JI^,  »iii<jfi  ^-aij  b^r^«  ab  the  ttaning  poici  in  the  s>Tiibesis  of 
oihTf  '/r;iajJ':  t^'jtu\xriu6^.  zr,6  thus  bhdge  over  the  gap  between 
\u*tfyjtir.«.  aiid  'yr^anic  coiujxiuncs. 

Properties.— Mtiijarie  is  a  light,  colorless,  transparent,  odor- 
|ir»b,  tab  el«::ib,  f^rnlyij&tible  gas.  Density  --  8.  Sp.  gr.  ^=  o-559- 
t/rwJer  140  atuifApheres  of  pressure  at  o*C.  (32°  F.  Lit  condenses 
to  a  trarttjjjufent  li<|ijid.  It  bums  in  the  air  with  a  bluish  flame, 
|/ivjfi;/  u*i  light  but  a  high  temijerature.  Mixed  with  air  or 
oxyg»-n,  it  fonu;*  an  expl'^ivc  mixture  (*'  fire  damp  " ).  By  pass- 
iii;i  the  ;ia!j  xY,r*m'^h  a  red-hot  tube  it  is  converted  into  carbon  and 
Jiyiirog^ii,  with  tra/.es  of  QH,,  C,H,,  C,H,,  and  C,^H^.  Mixed 
wiili  ri  and  rljliuc*!  with  (JO,  it  forms  chlorine  substitution  com- 
jiOHniK  <  \\y\,  i\lS\,  CHCi,,  and  CCI^. 

It  j^irm»(iirab|i-,  hut  not  |>oisonous.  Poisoning  by  house-gas con- 
tuiiiiiipf  (.'II,  is  produced  by  the  other  gases  which  it  contains. 

Ethane,  or  di-methyl  (CH, — CH,;  occurs  in  crude  pelro- 
Iruiii,  iuhI  is  a  (onstiluent  of  some  of  the  natural  gas  wells  of 
wrMrrn  l*i-iiri?»ylvaiira.  The  oil  wells  discharge  large  volumes  of 
gas  roniaining  M,  (!M,,  and  C,H„whi(h  are  used  for  heating  and 
lighting  in  the  neighboring  districts.  When  crude  petroleum  is 
heated,  the  hydrcMiarlwjns,  ethane,  proi)ane,  and  butane  are 
evolved  as  gahes.  These  are  collected  and  subjected  to  conden- 
Kilion,  yielding  a  liquid  consisting  chiefly  of  butane  {.C^H„), 
known  as  cyiiiogene,  whirh  is  used  in  ice  machines. 

Properties.  — I'Uhane  is  a  gas  at  ordinary  temperatures,  but  is 
i;«iudrhhetl  to  a  liittiid  at  a  pressure  of  46  atmospheres  at  4°  C. 
It  Imuds  with  a  faintly  luminous  thune.  It  is  slightly  soluble  in 
water  and  alcolud. 

Propane  t<'.,ll„i  is  presera  in  crude  petroleum,  and  is  a  liquid 
below  —  ^io^  ('.  1 1  may  be  prepared  artiruially  hy  the  action  of 
hyihiiidif  a*  ul  (III)  upvui  gl\eerin  at  ^75*^  C 

Butane  (*\llw)  boils  at  i"*  C.  Its  sp.  gr.  is  0.6.  Ivcing  the 
lightest  liquid  known.     It  is  found  in  crude  iHtroleum.     This  is 


the  first  paraffin  in  which  we  have  an  isomer,  isobutane,  con- 
taining one  side  chain. 


1I,C— C 


This  compound  boils  at  — i  7**  C. 

7'he  normal  paraffins  are  regularly  formed  compounds,  in 
which  each  C  atom  is  linked  to  two  other  C  atoms. 

In  the  isoparaffins  one  carbon  atom  is  linked  to  three  others, 
as  in  butane  above. 

In  the  neoparafHns  two  carbon 'atoms  are  each  linked  to 
three  oihers. 


H,C 


H 

/ 
CH, 


H 

I 
C  — 


CH, 


That  is,  in  the  iso-compounris  we  have  one  side  chain;  in  the 
neo-compounds  we  liave  two  side  chains. 

In  the  mesoparafifins  one  carbon  atom  is  linked  to  four 
others. 

r 

M,C  — C  — CH, 
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The  higher  members  of  this  series  are  found  in  American 
pjjtroleum,  and  may  be  isolated  to  a  greai  extent  by  careful  frac- 
tional distillation.  The  distillation  of  petroleum  is  carried  on 
on  a  large  scale  in  certain  parts  of  this  country,  and  a  variety 
of  products  are  found  in  the  market,  the  names  of  which  do  not 
have  any  reference  to  the  chemical  coni]x>silion.  The  following 
are  a  few  of  the  most  imi>ortant  of  these  products,  with  their 
boiling  points  and  uses:  — 


r  Cymngnnr 

^^^  KbigoUrie 


MCPICAL   CHXaUSTKV. 


» 


C,  (  JJ*  F. ) 

C.  (  65»  F.j 


F«<rf>lrum  Kthrr    .    . 

Oii«olfne 

CNAf.hilit  .  .  .  . 
h  Naphlha  .... 
A  Nuphilm  .... 
ben/inc  (JpcjHori/«l) 


XcfawTfie,  oi  HtfittcA 
Prtrolciim      .    .    . 

Miiirral  S|>frni  Oil    . 
I.iil>ru«lin|{<>ll .   .   . 


40*  to  70*  C  (I04<» 
to  158*  F.) 

48.80    U      ^ijqO    |/    j 

82.20  c.  (i«o*»K} 
104.4'*  C.  (ajo'* 
I4».8<»  <:,  (joo* 
lao*  »o  150"  C 
(a4«*  to  30j»  F.) 


^111 


176* 
218° 
joi- 


niacipal  Uvc  ra  Afta. 
Used  in  ice  audunes. 
L'jed  to  produce  cold  by  evap- 

or^ioQ    mod  as  aa    aiMB- 

tbelk. 
As  a  ioItcoc  and  far  makiof 

"air  gas." 
For  making  '■  air  gas." 
Ai  a  Mi  vent  far  fats  and  rabber* 

hence  for  cleaning  cloths, 
So-calted  "safely-otl," 

For  varnishes  and  paints. 

For  ordinary  lamps. 

Lubricating  machinery. 

For  candles. 


C.  (349"  F.) 
f.  (424°  F.) 
C  (574°  1^) 

I'arantne Solid.    Melts  at  43" 

Clots'* C,  (iij" 
F.  to  149^  fT) 

'I'lir  vapors  of  all  the  lighttr  products  when  combined  with 
air  form  cxpfosivc  mixtures,  an<l  hence,  laws  exist  in  most 
coiintricfi  pre»i:ril>iti(;  (he  low(^)t  temperainre  at  which  kerosene 
nhsxW  fi'ivc  an  in(l;imiii;ilt(e  viipor,  or  at  which  it  shall  ••flash," 
I'hc  Ijiw  of  (lie  ?»tute  ol  New  York  declares  that  oils  use*i  for 
illiuninalitig  piirp^wes  shall  not  give  a  vapor  that  will  *•  flash" 
below  too"  K.,  ntwj  Mhall  not  themselves  ignite  below  a  tempera- 
ture of^oo"  K.  KoNsil  re^iins,  bitumen,  and  ozocerite  (mineral  wax) 
all  licliinK  tti  this  ^riMip  of  hydrocarbons. 

Benzine— Benzinum,  U.  S.  P.,  is  a  purified  distillate  from 
An>crican  inMroIctim  roi)si.^ting  of  a  mixture  of  hydrocarbons 
cliiclly  of  the  marnh  gas  scries  (C\H„,  C^Hi,)  ^""^  homologues. 
U  itt  a  colorless.  ir;uis|>arcnt.  luoliilc  liquid,  of  aronititic  odor. 

U  ha*  a  sp.  gr.  of  0.670  to  0.675  ^^^  ^^'^  ^*  ^''^'^^  5^**  ^-  ^o 
60°  C-  (I  ja""  l'\  to  140*^  v.).  It  is  lised  priucii>ally  as  a  solvent 
fur  fat^,  resins,  alkaloids,  and  rubber.  Owing  to  its  solvent  pow- 
er for  fats,  it  is  vised  .rs  a  household  article  for  cleaning  fabrics. 

CommiMcial  ben/ine  is  usually  heavier  than  the  above  liquid 
aiul  lus  A  hif^her  boiling  point. 

Pelrolalum  Liquidum,  V.  3.  P.,  is  a  colorless  or  yellowish, 
Irrtusp.ir^MU,  iKlorb'ss.  tasteless,  oily  liquid,  giving  off  when  hetitcd 
a  faiiu  CKl(»r  of  pilroleum.  It  consists  chiefly  of  hydrocarlx)ns 
ot  the  marsh  gas  series,  and  is  obtained  from  pciiuleuin  by  distil- 
ling oAT  ti>o  more  volatile  portions,  and  purifying  ihjkt  ;>ortion  of 
tlw?  distillate  having  the  proper  consistence.     Sp.  gr.  about  0.875 

It  is  insoluble  in  water,  but  soluble 
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in  hot  absolute  alcohol,  in  ether,  chloroform,  benzine,  carbon 
di:iul[)hide,  ttirpeniine  and  the  fixed  and  volatile  oils.  Albolcne, 
benzoinol  and  liquid  vaseline  are  trade  names  for  similar  liquids. 

Vaseline — Petrolatum  MoUe,  U.  S.  P.,  and  Petrolatum 
Spissum,  U.  S.  P.,  are  described  as  mixtures  of  hydrocarljons, 
chiefly  of  the  marah  gas  series,  obtained  by  distilling  olT  the 
lighter  and  more  volatile  portions  from  petrok'um,  and  purifying 
the  residue  when  it  has  the  d;,*sired  melting  pt:)int.  The  first  has 
a  melting  point  of  40°  C.  to  45°  C,  (104^  F.  to  113°  Fj.aud  the 
set;ond  of  45°  C.  to  si*"  C.  (113°  F.  to  125*'  F.).  They  are  fat- 
like masses  having  a  white  to  deep  yellow  color,  and  more  or  less 
fluorescent. 

The  defines,  or  C„H,„  Series. — The  olefines  differ  from 
the  paraffins  in  being  unsaturated  compounds.  The  first  mem- 
ber of  the  series,  elhene  or  ethylene  (L',Hj,  combines  directly 
with  chlorine,  forming  a  thick,  oily  fluid,  from  which  the  dis- 
coverers named  it  defiant  gas.  The  iodide  and  bromide  may 
also  be  formed  by  direct  union.  The  olefines  combine  with  the 
hydracids,  HCl,  HBr,  HI,  and  also  with  fuming  H,SO^,  and 
with  HNO,. 

C,H,  -i-  HCl  =  CjHjCI. 

Most  olefines  are  soluble  in  alcohol  and  ether,  but  most  are 
insoluble  in  water.  They  are  soluble  in  strong  H^SO,.  Kthene 
is  found  in  illuminating  gas.  the  illuminating  power  of  which  de- 
pends largely  upon  its  presence.  It  is  a  colorless  gas  of  a  pecu- 
liar, pungent  odor,  and  may  be  separated  from  thit  other  con- 
stituents by  its  solubility  in  H|SO^  with  which  it  combines.  It 
burns  in  the  air  with  a  bright  luminous  flame.  Its  sp.  gr.  is 
•9783  ;  density  14.  The  higher  meml>ers  of  this  group  are  un- 
imp.irtant.     The  following  are  the  chief  memlxirs  of  the  series  : 


Ethene  (C,H  )  g»s, 
Propcne  (UH,)  gas, 
butcne  (CVl|)  gas. 
Penlene  {<\»u)  boils  r1  35°  C. 
HexeDe(C\H„}     "      •*  70'' C. 


Heptene  (CjHn)  boils  at  100°  C. 
Octe-ie  fC;H.,)  "  "  125'  C. 
Noncnc  (C,lJ„)  "  -  153°  C. 
Dcceiie  (C„H  J     **     "  300*  C 


Third  Scries.  — Ethinc,  or  Acetylene  (C,H,).  This 
series  of  hydrocarbons  falls  short  of  satur-tion  by  four  monad 
atoms  and  can,  therefore,  act  as  bivalent  and  tetrivalent  radicals. 
The  firit  member  of  the  series,  cthine  (C,H,),  is  the  only  hydro- 
carbon which  can  be  formed  by  the  direct  union  of  its  elements. 
It  is  produced  when  carbon  is  strongly  heated  in  an  atmosphere 
of  hydrogen;  that  is»  by  passing  a  powerful  electric  current  be- 


VM^^n.  ^jafxArt.  vorts  ti  i  ^tWJt  filiec  wtii.  bvdmpec.    1: 

)/S«r)jiclf*X      IL    tjUStll*.r.>    IH    tut    t»aiCtltJI.    ilLmrMI      raiT-imr 

^>fjt  ^ita  v*  *'-4i''-;  »  BuficiCT:  tt-  ricic  aac  c  c  nf  lie  ^b. 
ir^',uiut.  <jt  !■'<»- j*ajt.  '.tmitmiitt  dnectir  wTtr.  grmrr  rwt'  or  tDiir 

^iifeUr,  «u,  ^ .  iU'vV  VMdi?.  aciC-  £.-umit  »  ionnsd  »licuc*^ 
i«t-*»wjt  *x  <A*!  igstt  it  iiJComjiiesciT  imnied.  and  prpcf  tie  ca»- 
^f«*-»l'-t  *yjfA  <i*n»::c.<?^  ii  4  rvjac  miicx  lit  isznj:  is  tarnrc  kwr. 
Ji.  kt  i'^triid  -L  'jf^J  ^.  ats>*^  ycniM.ijK.L  a  TTirti  iliHiirniHrinf  ^•ovo'. 
'Iiiit  ij»'4f*>*jjitrUnj  it  wrjuwiatbit  in  tbt  ibc:  iJao  r&  iji'dj^^CJ;  is 
4:jMJh  4i^A^JKC  hy  uiditife;  tinn.  Inr  bexrtsi|r  sodnim  vidi  CsH. 
»«  'A^j^u  ^;jf  N«  '^nsono-^odiiini  accl>Ud  >  £itd  QXa.  'di- 
%o4uxm  «cety1iid,  *  Whcs  }at>«d  into  a  solmjcio  \x  alvcr 
*ij<fi*t»'  it  i'^*m  jt  »tjji«  j^otip.'jtit  <>f  silver  acctylid   .CjA^- 

F<^urth  ft«rM;«*  — '/e;*waJ  formula.  C.Hj, — ,.     This  scries 

///  Uy^U'M^r^jtit  iij^hifi*^  lurj/tutint  and  a  large  "tnmber  of  other 
wy  '.aii*->:  t-^hr/i'isiJ,  'yf  v'^latjkoiU.  To  this  series  L>ck>Bg  the  tcr- 
|>«:n«»,  *  '  J^sfc  of  h)'*\f*MJdj\jtjUH  more  or  Its*  resembling  the  ttar- 
^^i,%u,tx  it,  (/hyfej'a)  \/f'f\/t:rH*^.  Some  of  them  show  a  dose  rela- 
i''thi.Ui\f  \'i  ii*«r  ;irorijati',  hyJr'X-arlxias.  The  lerpcncs  are  iso- 
utr-n  or  \^/iyi$ifn  It^vm'^  ih*:  rorrnula  ''C\H,;^.  These  hydrocar- 
Uyiifc  iiff  ii/(?iTiufai*-'l,  i«ri(J  ttK/ve  of  the  formula  C„H^  may  com- 
I/JIM-  wiiU  fitU'-r  'mti  i/T  two  molec-ules  of  the  haloid  hydracids, 
Mf'-I,  UiUf  ii\j,  or  two  or  four  atoms  of  bromine,  showiDg  that 
iJM'ir  Miolrnilr:}  M/iiUiii  citbcr  OHC  or  two  double-linked  carbon 

Matty  oi  tUr  lt*r\tcm'%  form  characteristic  compounds  with 
uwttntti  Hi  ii\  I  iiWiul  iiiirohiiefi,  ^',ftMieN,0,,  and  also  with  nitrosyl 
*  hUttuif,  N' )(  I,  riilltrd  nilnwo  chlorides.  These  compounds  are 
I  ty&tiilhiit  Solid*  of  ihcw;  compounds  form  crystalline  hydrates 
whit  Wtiii'i,  rtipi-fjiiJIy  in  ilic  prcHctxx'  of  dilute  nitric  acid  and 
mI<  oIhiI,  mil  li  iir»  irfjiin  hydrate.  Some  of  them  i)olymerize  when 
liriilnl  iihilri  |iinftmr'  or  when  hluiken  with  strong  HiSO^.  Many 
ol   iIm'Iii  lUt*  opin  ally  Httivr,  and  all  have  an  antiseptic  action. 

Turpentine  Tcrebcnthina,  U.  S.  I*.,  Pinenc.is  an  oleo- 
iCBlii  mtttit  (ril  liDUt  wvrial  vaiiclics  of  the  conifera  family, 
noltthly  ihc*  pinrs.  It  i<i  u  yellow  opatpie  tough  mass,  brittle 
whrn  rotd,  unit  huviuK  u  tcrclienihinutc  odor  and  taste.     When 
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hirpentine  is  distilled,  the  terpenes  volatilize,  while  resin  or 
colophony  remains  behind.  Oil  of  turpentine  is  a  mobile, 
colorless  liijuid,  with  a  sp.  gr.  of  0,855  ^^  0.S70,  and  boils  at 
160**  C.  (320*  F.).  It  is  almost  insoluble  in  water,  but  dissolves 
in  alcohol,  ether  and  glacial  acetic  acid.  It  dissolves  sulphur, 
resin  and  phosphorus.  It  absorbs  oxygen  from  the  air  and  be- 
comes oxidized,  forming  a  resinous  body.  The  absorbed  oxygen 
is  converted  into  ozone,  and  this  explains  its  oxidizing,  disin- 
fectant, and  antiseptic  action.  As  the  oxidation  of  turpentine 
takes  place  more  rapidly  when  mixed  with  lead  oxide,  this  oxide 
is  often  intermixed  with  the  turpentine  in  paints,  to  increase  the 
rapidity  of  drying.     It  attacks  lead  rapidly,  but  not  tin. 

A  paper  dipped  in  t[ir|jentine  and  intmduccd  into  a  jar  of 
chlorine  gas  inflauKs  spontaneously,  forming  substitution  pro- 
ducts. Iodine  and  broniine  have  a  similar  action  upon  it.  It 
unites  directly  with  HCl,  producing  several  hydrochlorates. 

Stdphuric  acid  acts  violently  upon  turpentine,  and  >ields  a 
number  of  isomeric  and  jjolynieric  derivatives.  After  standing 
24  hours^  the  mixture  se[iarates  into  two  hyers.  The  upper  layer, 
when  distilled  at  about  250°  C.  (482°  F.),  yields  a  mobile  liquid, 
which,  when  purified  by  longer  contact  with  H,SO^  and  then  with 
a  solution  of  NaOH  and  redistilled,  may  be  separated  into  tcrc* 
bene  (C,„H,j,  colophene,  and  several  other  polymers.  These 
compounds  are  used  in  medicine. 

Tercbenc  — Tcrcbenum,  U.S.  P.,ha5afine  thyme-like  odor, 
and  is  opticidly  inactive.  In  density  and  other  respects  it  much 
resembles  turpentine.  It  is  a  liquid  consisting  chiefly  of  ]>inene, 
with  small  quantities  of  teq>inene  and  dipentene.  Terel)ene, 
when  pure,  is  a  colorless,  or  yellow  oily  Jiquid.  It  is  readily 
soluble  in  ether,  less  so  in  alcohol,  and  almost  insoluble  in  water. 
It  has  been  used  in  medicine  as  an  expectorant  in  doses  of  from 
4  to  6  minims,  and  as  a  local  remedy. 

Terpin  Hydrate. — On  leaving  turpentine  in  contact  with 
the  air  far  some  time  it  gradually  changes  into  lerpin  hydrate 
(C„H,p((_)H;,.(H,0)).  This  Inxly  is  more  easily  obtained  by 
agitating,  for  a  day  or  two,  a  mixture  of  8  parts  of  turpentine  and 
3  of  nitric  acid,  previously  diluted  with  alcohol.  Terpin  hydrate 
occurs  as  anhydrous  rhombic  crystals.  It  is  easily  soluble  in  alcohol 
(to  parts),  slightly  soluble  in  water  (  250  |:>arts),  andsparingly  so  in 
chloroform,  carbon  disulphide,  and  ether.  It  melts  at  116°  C, 
giving  olT  water  and  being  converted  into  anhydrous  terpin 
(i\nH,.(()H ),.  It  is  a  crystalline  body,  fusing  at  103'*  C.  and 
sublimmg  at  about  250**  C.  (480^  !*'•)»)• 
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It  rapidly  absorlis  water  to  form  teipin  hydrate,  which  behaves 
like  a  diatomic  alcohol.  It  is  dehydrated  by  P^Oj,  and  converted 
into  terebene  and  colophenc.  It  is  employed  in  medicine  as  an 
ex|>ectorant,  in  doses  of  from  two  to  three  grains,  it  may  be 
given  in  as  large  as  20-  to  30-grain  doses. 

TcrpinoL — By  boiling  together  terpin  and  water,  acidulated 
with  sulphuric  acid,  terpinol  is  obtained.  It  raay  be  formed 
from  Luri>entine  by  leaving  it  in  contact  with  concentrated  hydro- 
chloric acid,  or  by  passing  HCl  gas  through  a  solution  of  leipin 
in  alcohol  and  ether.  By  treating  the  resulting  terebcnihin 
dihydrochlorate  with  boiling  water  or  a  solution  oi  KOH  it 
decon^Kises  with  the  formation  of  terpinol.  Terpinol  occurs  as 
a  colorless  oily  liquid,  with  an  odor  resembling  rosamtn  or  hya- 
cinths, having  a  sp.  gr.  of  .852.  Terpinol  is  not  a  single  body, 
but  is  said  to  be  a  mixture  of  terpincne.,  ierpinolene^  Jipen/ene, 
all  having  the  formula  Q^^H.^^^  and  an  alcohol  called  ierpitteo!^ 
C,.H„OH. 

Terpinol  is  soluble  in  alcohol  and  ether,  but  insoluble  in  water. 
It  has  been  employed  in  medicine  as  an  expectorant,  in  doses  of 
from  10  to  15  minims  (600  to  900  uigrs.). 

Caoutchouc,  or  India  Rubber,  is  the  dried  milky  juice  of 
several  irojjical  trees  of  the  Hevea  species.  The  fresh  juice  is 
acid.  It  is  a  mixture  of  several  hydrocarbons  which  are  insoluble 
in  alcohol  and  water,  but  soluble  in  ethtr,  benzene,  chloroform, 
carbon  disulphide,  and  turpentine.  When  cold  it  is  hard  and 
tough,  but  on  heating  it  becomes  soft,  elastic,  and  finally  melts, 
and  on  cooling  remains  soft  and  viscid.  It  is  much  used  in 
making  elastics,  water-proof  fabrics,  elastic  tubing,  etc.,  and  is 
acted  u[>on  by  but  few  reagents.  The  black  color  of  the  com- 
mercial article  is  due  to  smoke  and  partial  decom[>osition. 

Caoutchouc  combines  with  sulphur.  Vulcanized  India  nib- 
bcr  is  obtained  I7  mixing  it  intimately  with  sulyihur,  by  the  aid 
of  carbon  disulphide,  to  the  extent  of  2  or  3  per  cent.,  and 
afterward  heating.  Common  white  rubber  goods,  as  rubber 
tubing,  etc.,  are  also  mixed  with  oxide  of  zinc  and  other  impuri- 
ties to  a  very  large  extent,  in  .some  rases  but  a  few  per  cent,  of 
rubber  being  used.  When  mixed  with  alxiut  half  it.s  weight  of 
sulphur,  a  hard,  horny  mass  called  vulcanite,  or  ebonite,  is 
produced,  which  is  used  in  the  manufacture  of  combs,  cheap  jew- 
elry, etc.  When  heated,  caoutchouc  decomposes  but  does  not 
volatilize. 

Gutta-percha  is  the  hardened,  milky  juice  of  Isonandra 
gutta,   a   tree  growing   in   some   parts  of  India.     It   resembles 
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caoulchoiic,  but  is  harder  and  less  elastic.  In  hoi  water  it 
becomes  quite  soft,  and  can  be  moulded  iiuo  any  shape,  which  it 
retains  on  cooling.  With  soivents  and  high  leniperatures  it 
behaves  like  caoutchouc. 

Volatile  or  Essential  Oils. — Volatile  oils  are  those  approxi- 
mate principles  to  which,  in  the  majority  o("  cases,  the  odors  of 
plants  are  due.  They  are  extremely  variable  in  composition,  but 
many  of  them  belong  to  the  tcrpene  scries  of  hydrocarbons. 
The  principal  characteristics  of  these  essential  oils  are  their  odors, 
variations  in  the  rapidity  of  oxidation,  and  physical  [jrujierties. 
They  arc  soluble  in  alcohol,  eihcr,  benzene,  petroleum,  naphtha, 
chloroform,  carbon  disulphide,  paraffin,  other  volatile  oils,  and 
in  the  fixed  oils.     They  may  be  classified  as  follows:     • 

1.  Oilsconsisting  chiefly  of  terpencs  (Cn,H,^)and  their  oxidized 
products ;  such  as  turpentine,  oil  of  lemon,  and  the  oils  of  berga- 
mot,  birch,  chamomile,  caraway  hops,  junij>er,  myrtle,  nutmeg, 
orange,  parsley,  pepper,  savin,  thyme,  toUi,  and  valerian. 

2.  Oils  consisting  chiefly  of  cedrenes  (C,^H^)and  their  oxidized 
products;  such  as  the  oils  of  cedar,  cubebs,  cloves,  rosewood, 
calamus,  cascarilla,  and  [latchouli. 

3.  Oils  consisting  chiefly  of  aromatic  aldehydes  and  allied 
bodies;  such  as  the  oil  of  almonds  and  ilieoil  of  cinnamon. 

4.  Oils  consisting  chiefly  of  ethereal  salts  or  compound  ethcre; 
such  as  the  oil  of  wintergreen  or  the  oil  of  mustard. 

Some  of  the  more  important  oils  of  classes  three  and  four  are 
described  in  other  places.  These  volatile  oils,  of  which  the 
hydrocarbons  form  the  main  constituent,  probably  originally 
consisted  of  terpenes  or  cedrenes  only.  As  usually  met  with,  they 
are  generally  mixtures  of  the  unchanged  hydrocarbons,  or 
oleoptenes,  with  the  solid,  oxidized,  camphorized  bodies 
termed  stearoptenes.  We  frequently,  also,  find  more  highly 
oxidi/ed  bodies  called  resins.  On  cooling  the  crude  oil,  the 
stearoptenes  often  crystallize  out.  On  distilling  the  oils,  the  more 
volatile  hydrocarbon  first  passes  over,  and  may  thus  be  separated 
from  the  oxidized  solid  portions.  The  more  volatile  portion  of 
the  distillate  may  be  wholly  freed  from  the  oxygenized  bodies  by 
distilling  with  free  sodium,  and  tlitis  the  pure  hydrocarbon  is 
obtained. 

The  volatile  oils  of  plants  arc  extracted  : 

I.  By  pressure,  as  the  oils  of  laurel,  lemon,  orange,  ber^amot, 
etc. 

3.  By  distillation  with  water,  or  with  a  current  of  steam 
passed  over  the  matter  to  be  extracted.  This  is  the  most  com- 
mon method. 
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3.  By  first  fermenting  the  pari  of  the  plant  to  be  extracted. 
I'his  is  ajvplied  more  csijccially  to  certain  seeds,  as  the  raastard. 
biiter  ahiiond,  etc.  After  the  fermentation,  the  oil  formed  is 
separated  by  distilling  with  water. 

4.  By  solution  In  the  fixed  oils  devoid  of  odor,  such  as  poppy 
oil,  oil  of  ben,  etc 

The  essential  oils  are  usually  liquid  at  ordinary  temperatures, 
but  deposit  stearoptenes  or  camphors  at  low  temperatures.  They 
have,  in  most  cases,  highly  characteristic  odors,  and  a  few  have 
boiling  [X)ints  which  aresumewhat  high.  I  hey  volatilize  rapidly 
at  ordinary  temijcratures.  The  essential  oils  are  usually  colorless 
or  yellow  when  freshly  prepared,  but  darken  on  exjx^sure  to 
air  and  nitimately  become  sticky  and  resinous.  Some  oils  have 
a  well-marked  blue  color.  Most  of  the  essential  oils  are  optically 
active,  but  their  rotatory  powers  are  variable  and  frequently 
change.  The  sp.  gr.  of  essential  oils  ranges  usually  between 
.850  and  .990.  A  few,  however,  have  specific  gravities  outride 
these  limits.  The  oxygenated  and  sulphuretted  oils,  as  the  oil  of 
bitter  almonds,  wintergreen,  mustard,  etc.,  are  heavier  than  water. 

The  essential  oils  are  readily  combustible.  They  are  insoluble, 
or  nearly  so,  in  water,  the  water  taking  up,  however,  the  charac- 
teristic smell  and  taste  of  the  oils.  They  are  freely  soluble  in 
alcohol,  but  are  mostly  precipitated  on  dilution  with  water.  The 
separation  is  rarely,  if  ever,  eouiplete.  The  essential  oils  are 
niiscible  in  all  proportions  in  the  fixed  oils.  Turpentine,  petro- 
leum naphtha,  and  carbon  disulphidc being  insoluhle  in  water,  the 
essential  oils  may  be  separated  from  an  aqueous  liquid  by  agita- 
tion with  ihese  solvents. 

The  analysis  of  essential  oils  presents  great  difficulties. 
They  are  liable  to  adulteration  with  alcohol,  chloroform,  and 
turpentine. 

Alcohol  in  essential  oils  may  be  detected  by  gradually  adding 
dry  CaCI,,  agitating,  and  warming  the  mixture  in  a  water 
bath.  If  alcohol  is  present  in  larger  proportious  than  mere 
traces,  a  heavy  liquid  layer  will  be  formed  at  the  bottom  of  the 
tube.  Anilin  red  is  insoluble  inessential  oils  if  pure  and  free 
from  alcohol,  but  in  tlic  presence  of  a  small  proportion  of  alcohol, 
the  addiiion  of  anilin  red  colors  them  a  deep  red. 

Chliirofurm  muy  l>e  detected  by  dissolving  the  oil  in  alcohol, 
and  vvarniing  the  liquid  with  /.inc  and  dilute  sulphuric  acid. 
Water  is  added,  and  llic  aqueous  liquid  is  sejiaratcd  and  tested  for 
chlorides  with  AgNO,  and  HNO,.  The  precipitation  of  AgCl 
proves  the  presence  of  chloroform  in  the  oil. 
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A  large  number  of  volatile  oils  are  employed  in  medicine 
either  in  a  pure  state  or  in  the  form  of  aqueous  saturated  solu- 
tions, called  medicated  waters.  Solutions  in  alcoh<tl,  one  in 
five,  are  termed  essences;  one  in  fifty  are  termed  spirits. 

THE  CAMPHORS. 

The  camphors  are  oxidation  products  of  essential  oils  of  ter- 
penes.  Some  of  them,  Jai^n  camphor  and  carvol,  C„H,/J>,  are 
ketones,  while  most  of  them  are  alcohols.  The  most  im|>ortant 
camphors  are  ihe  following  : 

Common  Japan  Camphor.  C„,H„0,  is  obtained  in  China 
and  Japan  by  distilling  the  branches  and  leaves  of  Laurus  cam- 
phora  with  water.  It  is  a  while,  translucent,  crystalline  mass, 
havii\g  a  powerful,  peculiar,  pungent  odor  and  taste.  It  is 
readily  purified  bv  sublimation  at  205°  C,  (401°  F. ).  It  mells 
at  175°  r.  (347°F.)  and  burns  with  a  smoky  flame.  Camphor  is 
very  slightly  soluble  in  water,  but  readily  soluble  in  alcohol, 
ether,  acetic  acid,  benzene,  chloroform,  carbon  (JiMilphide.  fixed 
and  essential  oils.  Aqua  Camphoree  and  Tinctura  Cam- 
phoraeareofiicial.  Camphor  enters  into  the  composition  of  Lini- 
mentum  Camphorse,  Liniment,  Saponis,  Tinctura  Opii 
Camphorata. 

Camphor  forms  a  large  number  of  decompcsition  products  and 
derivatives  under  the  action  of  reagents,  but  we  shall  notice  but 
one  of  these. 

Borneol,  or  Borneo  Camphor,  has  the  fornuila  C,^H,^OH. 

Camphor  Monobromide  —  Camphora  Monobromata 
(U.  S.  P.),  C,nH,jBrO,  is  prepared  by  adding  bromine  to  a  solu- 
tion of  campMor  in  chloroform,  by  which  camphor  dibromide 
is  obtained.  This  comtx»und  is  unstable,  and  on  standing,  sets 
free  hydromic  acid  and  forms  monobromated  camphor,  which 
crystallizes  in  colorless,  prismatic  needles  or  scales,  permanent  in 
the  air,  having  a  mild  camphoraceous  odor  am]  taste,  and  a 
neutral  reaction.  Its  solvents  are  essentially  the  same  as  those 
of  camphor.  It  melts  at  76°  C.  (168.8°  F.),  IkjiIs  at  274°  C. 
(525**  F. ),  and  is  volatilized  with  partial  decomposition.  In 
medicine  it  is  used  as  a  sedative,  cardiac  stimulant,  etc.  Isomeric 
with  borneol  are  linalool  and  geraniol. 

Linalool,  C,„H,70H,  is  a  monatomic  alcohol  found  either 
free  or  as  an  ether  in  oil  of  lavender,  bergamot,  spike,  coriander, 
and  Lmalol.  It  is  a  colorless,  fragrant  liquid  of  sp.  gr.  0.878 
and  boiling  at  197**  C.  (386.6°  F.). 
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Geraniol,  Cy,H,.OH.  is  the  chief  constituent  of  Turkish  ger- 
anium oil,  and  is  found  in  oil  of  rose*  oil  citronclla,  oil  of 
latrender,  and  oil  of  eucalyptus.  h  is  a  colorless  liquid,  with  a 
fragrant,  rosc-likc  odor,  boiling  at  230*  C.  (446**  F.). 

Eucalyptol,  C„H^O.  is  a  colorless  liquid,  boiling  at  175°  C. 
Q47''  ¥.),  and  possessing  an  aromatic  odor.  It  is  contained 
in  the  leaves  of  the  Eucalyptus  ghbuius,  a  tree  growing  in 
TiLsniania.  On  account  of  its  supposed  effect  ui>on  miasmatic 
attnospheres,  it  has  been  cultivated  in  southern  EuroiJe,  the 
United  States  and  northern  Africa,  By  distilling  it  with  phos- 
phorus pentachloride,  PCl^,  eucalyptin,  C^H,^  (by  some 
Cj^H,,),  is  obtained.  Kucalyptol  is  slightly  soluble  in  water,  but 
soluble  in  alcohol.  The  oil  lias  feeble  antiseptic  prof>erties,  and 
has  been  u-sed  in  bronchitis  cystitis,  and  in  intermittent  fever. 

Citral  (C,aH^O)  is  a  golden  yellow  liquid  found  in  oil  of 
lemon. 

CitTonellal  (Ci^HihO)  is  a  colorless  oily  liquid  found  in  oil  of 
citronella  and  oil  of  lemon. 

Menthol,*  or  Mcnthyl  Alcohol,  C„H„0  (U.  S.  P.).  is  a 
white,  solid,  crystalline  lx)dy  occurring  in  oil  of  jieppermint,  and 
pos^e^ing  a  strong  odor  of  this  plant.  It  melts  at  43°  C. 
(ioy.4  1'*.),  and  boils  at  212^  C  (413.6'^  F-).  Menthol  is 
fcolublf  in  akoliol  and  the  essential  oils. 

{OH 
CH..C<,HnO.   Thv- 

n)ol  is  a  camphor  or  stearoptene  of  oil  of  thyme.  It  is  also 
contained  in  the  volatile  oil  of  horse  mint.  It  is  extracted 
by  agitating  the  oil  with  a  solution  oi  NaOH.  The  at^ueous 
layer  is  separated  and  treated  with  a  dilute  acid,  when  the  thymol 
separates  as  an  oily  layer.  The  better  plan  is  to  collect  the  crude 
oil  and  subject  it  to  low  temijcrature,  when  the  thymol  crystal- 
jixcs  out.  It  may  be  purified  by  recrystallization  from  alcohol. 
Thymol  is  a  phenol,  and  resembles  carbolic  and  cresylic  acids  in 
iu  general  properties.  It  is  a  ]X)werrul  antiseptic,  being  ten 
times  more  effective  than  carbolic  acid.  It  acts  as  arj  exix*ciorant 
on  the  mucous  membranes,  but  it  docs  not  irritate  the  skin  like 
ciirl)oIic  acid.  Thymol  occurs  in  large  colorless  crystals,  having 
an  aromatic  odor  and  a  burning  taste.  It  melts  at  50°  C,  and 
boils  at  about  230*^  C.  It  is  scarcely  soluble  in  water,  requiring 
about  1200  parts  of  cold  or  900  parts  of  boiling  water  for  solu- 
tion.    Alcohol   dissolves   its  own    weight    of   thymol,    and    the 


*  Although  really  ao  ftlcohol,  it  is  classed  here  with  the  campbon,  owing  to 
phyalcAl  propertiet. 
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greater  part  separates  again  on  dilution.  A  solution  of  four 
grains  of  thymol  to  a  fluid  ounce  of  alcohol  is  misciUle  with 
water  in  all  proportions.  It  is  sparingly  soluble  in  glycerin, 
requiring  120  jarts  for  solution.  It  is  readily  soluble  in  ether, 
chloroform,  [)etroleum  spirit,  and  oils.,  When  triturated  with 
cam])hor,  a  syrupy  liqtiid  is  obtained  which  is  readily  miscible 
with  vaseline  or  similar  preparations.  Thymol  is  soluble  in 
strong  acetic  acid.  A  delicate  test  for  thymol  consists  in  dis- 
solving a  little  of  the  sample  in  i  c.  c.  of  glacial  acetic  acid,  and 
adding  5  or  6  drops  of  strong  sulphuric,  or  1  drop  of  nitric  acid, 
when,  if  thymol  be  present,  it  fir^t  becomes  grcL-n,  and  then  on 
shaking,  a  fine  blue  color  makes  its  appearance.  Phenol  gives  a 
violent  red  color,  but  menthol,  camphor,  borneol,  and  salicylic 
acid,  give  no  color  when  similarly  treated. 

Cantharidin  (C,„H„0,)  is  the  active  principle  of  cantharides, 
or  Spanish  fly,  and  of  other  vesicating  insects.  It  has  many  of 
the  properties  of  camphor.  When  pure  it  forms  four-sided 
prisms,  but  frt'<4uenlly  deposits  in  needles  of  micaceous  appear- 
ance. It  melts  at  about  200  C.  (392°  F.),  and  sublimes  in  white 
flakes,  which  strongly  irritate  the  eyes,  nose,  and  mouth,  and 
condense  in  lustrous  rectangular  prisms.  Cantharidin  has  feeble 
acid  properties.  It  is  insoluble  in  water,  but  dissolves  in  caustic 
alkalies  to  form  cantharidates.  Cantharidin  may  be  crystallized 
from  hot  hydrochloric  acid,  but  is  soluble  in  strong  sulphuric 
acid,  being  reprccipitated  on  dilution.  Cantharidin  dissolves 
readily  in  alcohol,  ether,  arctic  ether,  and  chloroform.  It  is 
nearly  insoluble  in  naphthaand  carbon  disulphide.  It  is  extracted 
from  acidulated  solutions  by  agitation  with  chloroform.  Can- 
tharidin has  well  marked  poisonous  properties,  and  the  beetles 
containing  it  have  been  administered  with  crinnnai  intent.  In 
toxtcological  inquiries  the  contents  of  the  stomach  and  intestines 
should  be  carefully  examined  for  the  iridescent  green  wing-cases 
of  the  beetle.  If  the  tincture  has  been  taken,  the  only  available 
test  is  the  isolation  of  the  cantharidin  with  chloroform,  and  the 
application  of  the  residue  to  a  sensitive  part  of  the  skin.  The 
mixture  of  one  part  of  cantharidin  in  500  of  lard  produces  very 
strong  vesication,  and  .001  grm.  of  cantharidin  dissolved  in  a  drop 
of  alcohol  also  produces  marked  vesication. 

RESINS,  OLEO-RESINS,  GUMS.   BALSAMS. 

Many  of  the  bodie.s  of  the  turpentine  and  essential  oil  series 
above  mentioned,  when  exposed  to  the  air,  undergo  a  process  o( 
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oxidation  or  hardening,  become  viscid  or  solid,  and  exhibit  an 
acid  reaction. 

Such  bodies,  when  brittle  and  solid,  are  called  resins  ;  when 
composed  of  unoxidized  oils  mixed  with  resins,  they  are  called 
balsams;  ^^he^  the  reisins  cxibt  in  the  juices  of  plants  mixed 
with  gum,  sugar,  etc.,  they  are  called  gum-resins.  Each  one 
of  these  bodies  is  generally  a  mixture  of  several  Ixidies,  and, 
therefore,  no  definite  chemical  formula  can  be  given.  They  are 
insoluble  in  water,  but  soluble  in  strong  alcohol,  turpentine  and 
glycerin  ;  many  are  soluble  iu  ether  and  benzene  (separation  from 
guuii)  ;  many  arc  weak  acids,  whose  alkaline  salts  form  the  resin 
soaps  of  the  market.  Many  resins  are  used  in  medicine,  in  the 
manufacture  of  .varnishes^  sealing-wax,  and  salves.  The  resins 
are  soluble  in  alcohol. 

The  resins  soften  when  heated,  but  do  not  vaix)rize.  The 
seiiaration  of  resins  from  volatile  oils  and  acids,  is  effected  by 
distillation  with  water;  from  gums,  by  fusion  and  straining 
at  1 00*^  (_'.  (212'^  !■'.>,  from  each  other,  as  well  as  from  foreign 
substances,  by  properly  selected  solvents. 

Under  the  name  of  resins  the  following  sulwtances  are  classed  : 

Amber,  colophony  (rosin),  copal  (aninie),  dammar,  lac,  Bur- 
gundy pitch,  masiic  and  sandarac,  which  are  used  in  the  arts  for 
making  varnish,  and  for  other  uses. 

The  following  are  some  of  the  resinous  substances  used  in  medi- 
cine :  Arnicin,  from  arnica  flowers  ;  castorin,  from  castorenm  ; 
cannabin,  from  cannabis  indica ;  dragon's  blood,  an  exudation 
from  the  fruit  of  Caiamus  dmco;  elemi,  a  resin  from  Central 
America,  an  exudation  from  the  Amyris  fUmift^ra  ;  a  resin  lound 
in  ergot  of  rve;  guaiacum,  an  exudation  from  the  wood  of  the 
Guaiacum  offictnaU ;  jalap,  the  resin  of  jalap  root ;  labdanum, 
an  exudation  from  the  bark  of  several  varieties  of  the  cisfus,  ^rovvn 
ill  Greece  ;  podophyllin,  from  the  Maya])pleroot  ;  pyrethrum, 
from  pellit<>ry  root,  and  rottlerin,  from  the  kamala,  a  shrub 
grown  in  Kast  Indies. 

Dammar  is  the  exuded  and  hardened  sap  of  the  Dammara 
onerttalis^  a  coniferous  tree  growing  in  the  East  Indies,  Australia, 
and  New  Zealand.     It  is  also  used  in  the  manufacture  of  varnish, 

L#ac  is  a  resinous  incri;station  produced  on  the  bark  of  the 
twigs  of  various  tropical  trees  by  the  puncture  of  the  "lac 
insect."  This  crude  gum  is  called  "stick  lac*'  in  commerce. 
Shell-lac,  or  shellac,  is  formed  by  melting,  straining,  and  drying 
it  in  ihin  sheets. 

In  the  preparation  of  shellac  the  roloring  matter  is  separated, 
and  is  suld  under  the  name  of   lac  dye. 
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It  is  easily  soluble  in  alcohol.     I.ac  is  used  extensively  in  the 

munufacture  of  varnibh,  lacquers,  sealing-wax,  etc. 

Mastic  is  an  exudation  from  the  hark  of  certain  trees  found  in 
tlie  island  of  Chios  in  the  Mediterranean.  It  occurs  in  pale 
yellow,  transparent,  brittle  tears,  soluble  in  alcohol  and  turpen- 
tine, and  is  used  for  making  varnish.  It  is  official,  and  enters 
into  Pilulie  Aloes  et  Masiitjhes, 

Guaiacum  is  a  brittle,  pulvcrizablesolid,  of  a  reddish-brown 
color.  The  gum  dissolves  in  alcohol.  It  readily  undergoes  oxi- 
dation, producing  bright  colors.  A  mixture  of  the  official 
tincture  and  oil  of  turjtentine  is  frequently  employed  as  a  reagent 
for  (ietecting  blood  in  tirine,  with  which  it  strikes  a  blue  color. 

(^iily  the  most  common  resins  can  be  described. 

Common  Resin — Rosin— Colophony — is  the  residue  left 
by  distilling  the  baUam  or  crude  turpentine  of  the  pine  with 
water.  Turpentine  distils  oflf  and  leaves  a  yellow  or  brown, 
brlule,  shining  ma.ss,  which  when  melted  fonns  the  commercial 
rosin.  It  usually  has  a  sp.  gr.  of  aliout  1.04  to  i  10.  It  is  nt-arly 
tasteless,  but  leaves  a  characteristic  naascoiis  after  lasle.  It  is 
insoluble  in  water,  but  is  soluble  in  alcohol,  ether,  chloroform, 
and  in  the  fixed  and  volatile  oils.  It  is  soluble  in  caustic,  and 
even  carbonated  alkalies,  forming  soaps  soluble  in  water.  Colo- 
phony is  composed  chiefly  of  several  resin  acids,  the  chief  of 
which  is  abietic  acid,  C^HgiO^.  Sylvic  acid,  C^H^O,,  exists  in 
small  quantities. 

It  n)3y  be  detected  in  mixtures,  by  boiling  5  grms.  of  the  mix- 
ture with  20  c.c,  of  pure  nitric  acid,  diluting  when  cold  with  an 
equal  volume  of  water,  and  adding  ammonia.  If  resin  be  j.'re- 
sent  a  blood-red  solution  is  produced.  Rosin  is  used  in  the 
manufacture  of  varnishes,  sealing-wax,  lamjvblack,  the  common 
yellow  soa|js,  cerates,  and  plasters. 

Copal,  or  Anim^,  is  a  yellow,  hard,  brittle,  more  or  less 
transparent  solid,  found  on  the  coast  of  Africa,  and  is  dug  out  of 
the  soil  by  the  natives.  It  is  a  fossil  resin  of  recent  origin.  It 
is  very  hard,  and  soluble  with  great  difficulty  in  alcohol  and 
essential  oils.     It  makes  the  best  resin  varnishes. 

Amber  is  aUo  a  fossil  resin,  found  on  the  shores  of  the 
Baltic  in  Prussia.  It  is  a  very  hard,  tough  and  transpiirent  or 
translucent  yt  How  solid.  It  is  used  for  making  beads,  mouth- 
pieces of  pi|)es,  and  for  the  manul'acture  of  superior  varnish. 

The  best  known  oleo-resins  are  the  uleo  resins  of  aspidium, 
capsicum,  cubeb,  copaiba,  lupulin,  ])e|>|>er,  ginger,  male  fern, 
fiankincense,    Canada   balsam,   and   Canada   pitch.     They   are 
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usually  extracted  from  the  plants  with  cthylic  ether,  using  150 
parts  of  ether  for  100  parts  of  the  plant.  (U.  S.  P.  method.) 
The  ether  is  then  distilled  off,  and  the  oleo-resin  kept  in  a  well- 
stoppered  bottle. 

l*he  principal  gum-resins  are  aloes,  ammoniaciim,  asafcetida, 
myrrh,  scammony,  gamboge,  galbanum,  olibanum,  and  eupho- 
rium.  All  but  the  last  arc  official.  They  occur  in  commerce 
mostly  as  compact  masses  of  a  yellow  or  brown  color,  composed 
of  tears  glued  together  with  a  hardened,  (j;ummy  mass. 

They  are  usually  brittle  enough  to  be  pulverized,  and  are  solu- 
ble in  alcoliol  or  ether.  When  nibl)cd  with  water  in  a  mortar, 
they  form  milk-white  emulsions.  The  raost  of  them  are  soluble 
in  caustic  alkalies. 

The  chief  balsams  are  benzoin,  Peru,  storax,  and  tolu. 

Gum  benzoin,  as  it  is  frequently  called,  occurs  as  rectangular 
blocks,  which  consist  of  milk-white  tears  agglutinated  by  a  brown 
resin.  It  has  a  pleasant,  balsamic  odor,  and  is  soluble  in  alcohol, 
forming  tincture  of  benzoin.  It  contains  from  12  to  20  per  cent. 
of  benzoic  acid,  which  can  be  subUiued  from  it  by  a  gentle  heal. 
It  usually  contains  a  small  quantity  of  cinnamic  acid  and  some- 
times vanillin.     It  contains  several  resins. 

Balsam  of  Peru,  storax,  and  tolu  contain  cinnamic  etheis, 
resinous  matter,  and  volatile  oils.  Benxoic  acid  is  found  in 
balsam  of  Peru  and  tolu. 

They  are  all  soluble  in  alcohol. 

THE    BENZENE    OR    AROMATIC    HYDROCAR- 
BONS, OR  CYCLO-HYDROCARBONS. 

The  compounds  of  this  series  differ  from  all  others  thus  far 
mentioned,  in  the  structure  of  their  iiiolemlLs,  in  that  the  carbon 
atoms  are  arranged  in  the  form  ol'  a  closed  ctiaiii,  or  cycle,  at  the 
angles  of  a  regular  hexagon. 

H 
H 


C^^'^C 


H 


H  Sc/      « 
H 

i\  r,  every  carbon  atom  is  the  equivalent  of  every  other,  whih 
in  the  other  hydrocarbons,  we  have  noticed  a  difference  lietween 


the  end  ones  and  the  others.  The  H  atoms  in  benzene  are  all 
alike  in  behavior.  We  arrive  at  the  idea  that  the  C  atoms  are  in 
a  cioacd  chain  by  the  following  facts.  Benzene  takes  up  two, 
four,  or  six  atoms  of  H,  CI,  or  Br,  according  to  the  conditions  of 
the  experiment.  Benzene  thus  becomes,  in  the  first  case,  under 
the  prolonged  action  of  HI,  hexa-hydro-bcnzene,  CjH,.j,  but  the 
continued  action  of  HI  does  not  impart  to  it  any  more  H  atoms. 
If  the  carbon  atoms  were  arranged  in  an  open  chaiOi  it  would 
become  C,H,^. 

Hj,C  —  C  —  C  —  C  —  C  —  CH- 

II       ill       II       II 
H.     H,      M,      \L 


Thehcxa-chloride  of  benzene,  (QH^CIJ,  when  once  formed, 
refuses  to  take  up  more  chlorine.  The  same  is  true  of  the 
hexa- bromide.  In  order  to  give  an  explanation  of  these 
facts,  it  is  necessary  to  assume  one  of  the  following  graphic 
formulae  as  the  proper  arrangement  of  the  C  atoms  in  its 
molecule : — 


Hi 


H 

C 

^  \ 

CH 

%/ 
H 


HC 


/ 


\ 


\ 


CH 

L 


/ 


/ 


\ 

\<iH 


The  first  one  of  these  three  formulje  is  the  one  suggested  by 
Kekiilt^  in  1866.  and  is  the  one  now  generally  accepted. 

When  di-derivatives  from  benzene  are  formed,  we  find  three 
possible  isomers.  If,  now,  we  examine  the  possible  formulae, 
we  find  the  following  possible  groupings,  in  the  case  of  the 
alcohols  : — 


OH 
C 

H^  ^oir 

HC.     ,CH 

OH 

Hti,     jCOH 

OH 

H 

Orlho-dJhydrubrnxene,  or 
Pyiocaiechin. 

H 

Meu-dlhydinbenacne,  or 
Hoorcln. 

otl 

ParA'dlhvdrobcnrenr,  or 
Hydroquiiicxtc, 

33^ 


MEDICAL    CHEMISTRY, 


Three  benzene  molecules  thus  condensed  give  a  molecule  of 
anthracene : — 

H  H  H 

C  C  C 


//    \    / 
HC  C 


\     -^    \ 
C  CH 


HC  C 

c         c        c 

H  H  H 

Naphthalene,  ('„JI,  Naphthalinum,  U.  S.  P..  is  obtained 
from  coal  tar  hy  disiiUation  heUvcen  180°  C.  and  220°  C.  It 
comes  over  with  heavy  oils,  but  crystallizes  froni  them  in  white, 
glistening,  leafy  cr)Slals,  of  a  peculiar,  aromatic  odor  and  burn- 
ing taste;  it  mells  at  79.2**  C.  ( 174.5°  ^■)f  ^^  insoluble  in  water, 
but  soluble  in  hot  alcohol,  ether,  or  benzene. 

The  principal  interest  of  napluhaUuc  to  the  physician  is  its 
value  as  an  antiseptic  dressing  for  wounds.  For  ihii  purpose  it 
must  be  thoroughly  purified  by  recrystallization  from  alcohol,  or 
distillation  with  steam.  It  is  used  internally  as  an  antiseptic,  and 
as  a  moth -destroyer  under  the  name  of  coal-tar  camphor. 
Naphthalene  takes  up  hydrogen  (juite  readily  to  form  the  dihy- 
dride  C,„H,H.^,  the  tetrahydride  C,„H^H^,  the  hexah}dride 
C^HgH.and  thedekahydride  C,^jH^H,^,.  It  also  formsa  dichloride 
CinH^.Clj  and  a  tetrachloride  C^^H^CI,.  This  lastcomix)und  when 
oxidized  with  nitric  acid  gives  phthalic  acid  C5H/COOH},. 

It  may  be  convenieiU  here  to  consider  two  hydroxyl  deriva- 
tives of  naphthalene,  because  of  their  similarity  in  projicrties  and 
uses. 

Naphthol,  C,„H.OH. — There  are  two  well-known  com- 
lX)unds  of  this  formula,  but  the  one  generally  useil  in  surgery 
isbeta-naphthol.  There  is  also  an  alpha-naphthol,  crystal- 
lizing in  colorless,  shining  prisms,  fusing  at  94°  C  (201.2  V.) 
and  boiling  at  280°  C.  (536°  F.).  It  is  insoluble  in  water,  but 
soluble  in  alcohol,  ether,  and  benzene.  Beta-na]>hthol  is  prei>ared 
on  a  large  scale  by  fusing  nai>hthalenc-siilphonale  of  sodium 
(CnjH.SOjNa)  with  sodium  hydroxide.  Hcta-naphthol  is  a  solid, 
crystallizing  in  brilliant  white  plates,  melting  at  122''  C.  (251.6** 
F.)and  distilling  at  286°  C,  (546.8°  F.),  and  ]>ossesses  a  ^i.  gr.  of 
1. 217.  It  is  very  slightly  soluble  in  warm  water,  very  soluble  in 
ether,  alcohol,  chloroform,  benzene,  olive  oil,  and  vaseline. 
Beta-naj*hthol  has  been  used  as  a  local  antiseptic.  Alpha-naphthol 
forms  a   dinitro-derivative  C,,Hj(NO,)pH,   which   is   used    it " 


j»4_ 
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djeing.  The  sodium  and  calcium  ?alts  arc  used,  and  are  known 
as  Martin's  )ellow  or  naphthalene  yellow.  These  have  recently 
been  largely  replaced  by    the   potassium  sulphonate   known  as 

naphthol  yellr>w,C,„H.(NO,),  J  f^y?^ 

p.  Naphthol-Salicylatc— Bctol,  C,H.{OH)COOC,^H,  has 
been  iised  for  the  same  purfxjscs  as  saluL  it  occurs  as  a  white 
crystalline  powder,  almost  insoluble  in  water. 

Anthracene,  ^-u^io-  '^  ^  white,  crystalline  body  obtained 
from  coal  tar,  distilling  above  360^0.  (680T.).  Its  constitu- 
tion is  shown  by  the  gr;iphic  formula  on  (jage  325. 

It  is  of  great  interest  10  the  chemist,  being  the  starting  point  in 

the  manufacture  of  alizarin,  CjHj^pQ^C,H,(OH),  or  artifi- 
cial madder.  Its  solutions  possess  a  beautiful  blue  fluorescence, 
a  |)roperty  observed  in  many  of  the  heavier  hydrocarbons  de- 
rived from  coal  tar  and  petroleum  ;  ('.  c  ,  their  solutions  are  color- 
less or  yellowish  by  transmitted  light,  bnt  when  viewed  by  re- 
flected light,  apj>ear  bluish.  The  i)henomenon  is  well  seen  in 
bolutions  of  quinine  sulphate. 

By  oxidation  anthracene  gives  anthra-quinone. 

O 

I 

\/ 
C 


li 


It  occurs   as   yellow  needle-like  crystals,   fusing  at   373*  C. 

(5^3°  F)- 

Alizarin  is  formed  from  anthra-quinone  by  the  action,  first, 
of  fuming  sulphuric  acid,  by  which  sulphonic  acids  are  produced. 
These  are  then  healed  with  potassium"  chlorate,  and  then  with 
NaOH. 

C,H4\      );C,H.  +  H^O.  «  C,H.(CO),C,H.HSO,  -*-  H,0. 

C;H,(C0),C,H,HS0,  +  NaOlI  =  C,n,(CO),C,H,OH  +  NaHSO,. 

C.H.(CO),C,H,OH  +  O  =C^H»(CO),C.H,(OH),. 
The  alizarin  formed   combines    with    the  excess  of  NaOH 
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preient  to  form  sodium  aJiurate.     This  is  dmoliftA  in  vater,  and 

the  alizarin  precipiuted  with  hydrochloric  acid. 

Alizarin  h  a  fine  red,  cr^-stalline  powder,  readily  soluble  id 
alcohol.  It  is  a  valuable  dye-stufif,  and  has  nearly  dtspUced 
madder  in  the  dyeing  industry. 

By  the  reduction  of  alizarin  with  nascent  hydrogen  antharo- 
biD  is  produced. 


c*h.(co),c;h,(OH),  +  3H, 


Ali<aHn. 


Astharobin. 


Antharobin  has  been  used  in  medicine  as  a  local  application 
in  &kin  diseases. 

H  H 

C-C 

y       \ 
c  c 

y^      <^\ 

Phcnanthrcn,     ^S     ^.~^.      ^P    is  an  isomeride  of  anchra- 
^      I     JL        '^• 

c  c 

H  U 


and  is  found  with  it  in  coal  tar.  It  crystallizes  in  shinfi 
ftfities,  and  dissolves  in  alcohol  more  readily  than  anthracene.  It 
melts  at  loo''  C.  (212**  F.)  and  boils  at  340**  C.  (644**  F.).  It  is 
employed  in  making  printer's  ink. 


DERIVED    COMPOUNDS. 

Addition  and  Substitution  Products. — Addition  pro- 
ducts are  formed  by  the  direct  combination  of  an  unsaturated 
molecule  with  one  or  more  radicab.  They  are  readily  formed 
from  unsaturated  hydrocarbons  like  the  olefines  or  acetylenes. 
One  molecule  of  the  hydrocarbon  always  unites  with  two  or  four 
monivalent  atoms  or  radicals,  or  with  their  equivalent  in  poly- 
valent radicals.  It  is  especially  the  atoms  of  the  chlorine  group, 
or  their  hydracids,  which  are  most  easily  added  ;  but  hydrogen, 
as  well  as  other  hydrocarlxin  radicals,  may  also  be  added. 

Substitution  products  are  formed  by  an  exchange  of  one 
or  more  hydrogen  atoms  with  simple  or  comi>ound  radicals.  In- 
deed, we  may  regard  all  the  complex  organic  bodies  as  made  up 
in  this  way.  Thus,  Ethane,  C,H,,  may  be  regarded  as  a  mole- 
cule of  Methane,  CH^.  in  which  one  hydrogen  atom  has  been 
displaced  by  the  r.uiica1  CH,.     Thus: — 
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/-  /CH. 

C—  H  -f.  CH,  «  C—  H  +  H 

Synthesis  of  Organic  Compounds. — The  pjrincipal  in- 
terest of  chemists  in  rfceiu  years,  in  the  department  of  organic 
chemistry,  is  centred  upon  the  synthesis  of  organic  compounds. 
By  these  synthetical  methods  the  chemist  imitates,  to  a  limited 
extent,  the  process  of  animal  and  vegetable  orgaj^isnis.  The 
natural  tendency  of  all  organic  compounds  is  to  break  up  com- 
plex uiolecnlcs  and  lorm  simpler  ones,  while  it  is  the  aim  of  syn- 
thetical methods  to  reverse  this  process  and  build  up  coroi>lex 
molecules  from  simpler  radicals,  adding  little  by  little  until  the 
structure  is  complete. 

It  is  principally  from  synthetical  relations  that  we  tan  arrive 
at  a  knowledge  of  the  structure  of  complex  organic  bodies. 
With  these  synthetic  methods,  chemists  have  achieved  great 
success  in  the  artificial  production  of  alizarine  (the  coloring 
matter  of  madder),  indigo,  salicylic  acid,  and  the  great  variety 
of  anilin  colors,  which  stand  among  the  greatest  achievements  of 
modern  science. 

T^ie  Action  of  Reagents  on  Organic  Compounds.— The  reactioius  of 
oi^ariic  coRipouQd&  are  so  ditferent  frum  those  of  inorganic  chemistry,  that  we 
inircMluce  here  »  few  of  the  principal  reagents  used  anct  their  bebflvior.  CI,  Br, 
and  i  ncl  upon  unsaturated  hydrocarbons  by  direct  additioo.  With  saturated 
bodies  they  suU»iitule  for  H  : 

c,H.  +  3a,^c.fi.cv 

CH,  -f-  CI,  =  CH,CI  +  HCt. 
In  the  presence  of  water  these  ict  as  oxidizing  agents. 

11,04- CI,  =  aHa-f-o. 

HG  and  HBr  &ubstiiate  G  or  Br  for  alcoholic  hydroxy]. 
CA\pH  -\-  HCl  =  CjUjO  -f-  H,0. 

AlcuhoL  titiyl 

c)ilori(l«. 

CH,  —  CHOH.COOU  +  UDr  3.  CH,  —  CHBr  —  COOH  +  H,0. 

Lacilc  MoDo-brx>tn<ptC'piomc 

add.  acid. 

\  C,H,CI 

O  -f  allCl  =^  +  ILO. 

/  CjH^CI 

29 
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AVilti  unsaturated  hydrocarbons  Ihey  couibinc  directly. 

QH,  +  I!CI«C,H^C1. 

HI  acts  similarly  to  the  abpve,  but  at  higher  temperatures  it  substitutes  bock- 
wards,  I.  t. : 

CH,ICOOH  -f^  HI  =  CHjCOOH  +  I,. 

In  compounds  containing  oxygen,  which  contain  alcoholic  hydroi.y1j  HI 
acts  a!i  a  reducing  agent  removing  the  oxygen. 

C.H,(OH),  -h  5HI  =.  C,H,(H,I)  -I-  3H,0  -f  al,. 

Cityccrin.  l«>-]}iDpyl  iudide. 

The  free  iodine  ads  as  an  oxidizing  agent  unless  it  be  absorbed.  This  is 
usually  done  by  adding  some  free  phosphorus  with  which  it  forms  PI^,  which, 
in  the  presence  of  water  again  form»  HI. 

HjSOj  ttct^  ui>t>n  the  alcohols  of  the  paraffin  *erie»  by  subi^tituling  HSO,  for 
HO.  U  acts  upon  the  hydrocarbons  of  the  benzene  series  by  substituting 
HSO,  for  \\, 

CjH.OH  -f  HjSO^  =  C,HjHSO^  +  H,0. 

Alcuthol.  Ethyl  ^utpliunc 

acid. 

C,H,  -I-  H,SO^  =  QH^HSO,  -I-  H,0. 

Bciitcne,  Phenyl  !tulphoiUc 

iu:id. 

Under  certain  conditions  we  may  have  the  following  reactions: — 
2C,HjOH  -f  H,SO^  =  {J^Hj),[SO,)  +  2H,0. 

Ethyl  iulphate. 

a(C,H^  +  IIjSO^  =  2(C,HjSO,  -f-  2(H,0). 
IINO|  forms  nitric  ethers  with  the  alcohols  of  the  paraffin  series. 
CjH.OH  4.  UNO.  =  CjHjNOj  -f-  H,0. 

Ethyl  nilrate, 

C,H,(HO),  +  3HNO,  =  C,H,/NO,),  +  3H,0. 
Glycerin.  Niiro  jiiycenn, 

glycerin  irlultiate. 

With  aromatic  hydrocarbons  it  fornif  nitto-substitution  products. 

C.H.  4.  HNO,  =  C.HiNO,  +  H,0. 
BcnicTM.  Niiro-benune. 

H^SO^  and  HNO..  therefore,  act  alike  on  oi^nic  bodies. 
Na()li   and    KlJll   in  aqueous  or  alcoholic  ^ution  decompose  (saponify)' 
the  compound  ethers  reproducing  the  corresponding  alcohols. 

C,HjOC,H,0  4-  KOH  =  C-H.OH  +  KC,H,0,. 

Acetic  ciUct.  AJcohol.  Pot;ttalum 

acetate. 

They  sub^itute  HO  for  CI,  Br,  or  I  in  haloid  ethers, 

C,H,C!  4-  KOH  =  C,H,OH  ~\-  KCL 

Ethyl  4;Uloridc.  Al«:unul. 
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When  fused  wiili  organic  bodies,  NaOH  and  KOH  act  u  oxidizing  mgcots, 
cxcliongiug  O  for  H,  (he  H  being  set  free. 


CjHjOH  -I-  KOH  =  C,H,0,K  +  iH,. 

In  such  ciksci  the  tendency  is  always  to  form  acids  with  which  they  com- 
bine. PClj  and  PBr,  and  rOCl,  and  POBr,  substilule  CI  or  Br  for  OH  in 
alcohob. 

3C,H,OH  +  PCI,  :-  3C,HjCI  +  PH.O,. 
3C,HjOH  H-  POBr,  =  3C,H,Br  -f  PH^. 

PCIj  and  PBr^  can  substitute  Ct  or  Br  for  O,  or  they  may  act  Hke  free  CI 
or  Br. 

C,H,0  +  PCIj  =  CHXl,  4-  POCI,. 

Aldehyde.  Ethyl  chloride. 

P^S^  substitutes  S  for  O  in  the  hydroxyl  of  alcohols  and  acids. 

SC,H,OH  +  P,Sj  ^  sC,HjSH  +  P.Oj. 

As  an  illustration  of  the  synthesis  of  organic  compounds  we  here  introduei 
a  few  reactions,  starting  with  the  elements  C  and  S.      If  we  pass  the  vapor  ot\ 
sulphur  over  hculed   charcoal  we  get  CS^      The  rapor   of  CS,  mixed  with 
H|S,  and  passed  over  heated  copper  turnings  forms  methane,  CH^. 

2Cu,  +  CS,  4-  2H,S  =  4CuS  +  CH4. 

When  we  pass  a  strong  current  of  electricity  between  carbon  poles  in  an 
atmosphere  of  H  wc  obtain  acetylene. 

C  +  H,  =  C,H, 

When  Acetylene  is  treated  with  nascent  H,  ethene  is  produced. 

C,H,  +  H,  ^  C.H,. 


C,H,  acted  upon  by  1 1  Br  gives  C,H.Br  (^ethyl  bromide). 
C-lljUr,  when  treated  with  nascent  H,  gives  ethane,  ^H,, 
If  instead  of  the  bromide  wc  form  the  iodide  of  ethyf,  ar 


and  treat  this  with 
zinc  methyl,  Zn(CH,],.  we  obtaia  methyl -cUiyl,  or  propane. 

aC,H.l  -I-  Zn(CH,),  =  2C,HjCH,  +  Znl,. 

E{hynoaidc.    Zinc  meihyl.  Propane. 

By  starting  with  propy]  iodide,  C,[I,I,  and  treating  Ihia  with  KOH  we 
obtain  C^H«  (propeoe). 

C,H,T  +  KOH  =  C,H,  -f  KI  4-  H,0. 
Propyl  iodide.  Propene. 

These  reactions  will  show  the  methods  of  changing  the  hydrocarbons  from 
one  homologuU:»  series  to  anollier,  and  are  introduced  here  merely  as  itlustra* 
tions  of  the  action  of  reagents. 

Haloid  Derivatives,  or  Haloid  Ethers. — These  substitu- 
tion products  are  produced  by  the  action  of  CI  or  Br  upon  the 
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j>araflins,  by  the  action  of  HCl,  HBr,  or  HI  upon  the  correspon( 
ing  alcohol.s.  These  compounds  may  be  considered  as  chlorides, 
bromides,  or  iodides  of  the  alcohol  radicals  or  alkyl  radicals. 
When  chlorine  acts  upon  methane  the  hydrogen  is  gradually 
displaced  by  chlorine,  forming  methyl  chloride  (CHjCI),  or 
mono-chlor-mcthane,  di-chlor-methane  (CH,Clj),  tri- 
chlor-mcthane  (CHClj).  tetra-chlor-methanc  (CCIJ. 

Methyl  chloride,  mono-chlor-mcthanc  (CH,C1)  is  pre- 
pared on  a  large  scale  for  use  iu  freezing  machines,  by  heating 
the  hydrochloride  of  irimeihylamin,  to  260°  C.  (500®  F.). 

3N(CH,),HCI  -.  aCHsG  -f  2N(CH,),  -f  NH,CII,  -f  HCI. 

Mcthvlatnin  Methyl  'J'rimclltyl-  Mcihylamin. 

bydrocnloridc.  cliloiiac.  ainin. 

Trimethylamin  is  produced  by  distilling   the  refuse  from  tl 
inanulactiire  of  beet  sugar.     This  is  neutralised  with  hydrocliloric 
acid  and  then  heaicd  as  above. 

Mclhyl  chloride  is  a  colorless  gas,  slightly  soluble  in  water 
and  having  a  sweeii.sh  taste  and  odor.  It  is  a  litiuid  below  — 22* 
C.  ( — 7.6^  F. ).  It  burns  with  a  greenish  ilame.  It  is  obtained 
by  pasaiiiy  f;a3eous  HCl  into  methyl  alcohol,  or  by  treating  methyl 
aUuhol  with  a  mixture  of  H.^SOj  and  NaCl.  Thtse  solutions 
have  been  used  externally  lor  the  relief  of  neuralgia. 

Methyl  bromide  and  iodide  are  prepared  by  the  action  of 
pho^piiorus  and  bromine  or  iodine  upon  methyl  alcohol.  Thcy 
are  both  liquids  at  ordinary  temperatures. 

Dichlor-methane,  methylene  chloride  (CHjCl,),  is  ob- 
tained, along  with  the  other  ildurine  substitution  products,  by 
the  ;iction  o(  ('I  upon  CM,,  or  it  may  be  obtained  by  the  re- 
duction of  clilorolorm  with  nascent  hydrogen.  It  is  a  colorless, 
ody  liquid,  boiling  at  40**  C.  (104°  F.),  with  an  odor  similar  to 
that  of  chlorolorm.  h  is  slightly  soluble  in  water,  isnon-inHam- 
nuble,  and  has  been  emj^loyed  as  an  aniesthetic.  it  is  not  safer 
as  an  ana'sthf  tic  than  chloroform. 

Trichlor-Methane,  Chloroform  (U.S.  P.).  (CHCl,).— 
Methyl  chloride  acled  upon  by  chlnrine  [irotluces  a  series  of 
succos>ive  substitution  producis,  one  of  which,  trichlor-me- 
thane,  is  known  under  the  name  of  chloroform.  It  was  dis- 
covered in  i8ji  by  Souheiran  and  Liebig.  On  a  manufacturing 
scale,  it  is  usually  prejwrcd  from  common  ahohol,  as  fol- 
lows: In  24  parts  of  water,  dissolve  6  parts  of  chloride  of  lime, 
strain  into  a  retort,  heat  to  40°  C.  (104"  F.),  and  add  one  part 
of  strong  alcohol,  A  reaction  soon  sets  in,  developing  sufficient 
heat  to  distil  over  the  CHCIj.     This  distillate  is  purified  by  shak- 
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ing  it  with  water,  and  then  pure  H,SO,  (free  from  HNO,),  which 
chars  any  hydrocarlwns  or  cmpyreumaiic  siilistances.  It  is  then 
freed  from  acid  by  agitation  with  lime,  and  from  water  with  dry 
calcium  chloride. 

Chloroform  is  a  colorless,  mobile  liquid,  possessing  a  peculiar, 
sweetish,  ethereal  odor  and  taste.  It  boils  at  6i*^C,  (142°  F.); 
and  has  a  sp.  gr.  of  1.49  at  15°  C.  (59°  F. ),  and  1.473  ^^  25*  C. 
(77**  F).  It  is  not  miscible  with  water.  La  uninflammable  in  the 
air,  and  dissolves  fats,  resins,  caoutchouc,  sulphur,  phosphonis  and 
iodine — the  last  with  a  violet-colored  solution.  Commercial 
chloroform  is  apt  to  be  contaminated  with  alcohol,  aldehyde  and 
lower  substitution  ])roducts,  and  thus  readily  becomes  useless  on 
keeping.  Purilitd  chloroform  (U.  S.  P.)  is  prepared  from  the 
above  by  mixing;  it  with  sulphuric  acid,  agitating,  drawing  olT  the 
chloroform,  neutralising  with  a  solution  of  sodium  carbonate, 
again  drawing  otT.  adding  lime  and  alcohol,  and  finally  distilling 
the  chloroform  in  a  water  bath.  Chloral-chloroform  is  the 
name  sometimes  applied  to  chloroform  ])repared  from  chloral  by 
distilling  with  an  alkali.  It  is  so  pretared  because  of  its  freedom 
from  the  impurities  to  which  ordinary  chloroform  is  subject. 
The  best  article  for  anaesthetic  purposes  is  prepared  in  this  way. 
Pure  chloroform  must  nut  affect  litmus,  must  not  color  a  mixture 
of  H,SO^.  and  chromic  acids  green,  must  not  turn  brown  with 
HjSOj,  or  KOH,  and  must  not  suddenly  evolve  inflammable  gasesj 
when  healed  with  alcoholic  solution  of  potassium  hydro.xide.  It 
should  not  give  a  ]>recipitate  with  silver  nitrate,  nor  a  yellow 
color  with  a  solution  of  iKjtassium  iodide.  No  foreign  odor 
should  be  observed  on  allowing  a  few  drops  to  evaporate  on  the 
hand.  Chloroform  prevents  putrefactive  decomposition  and  fer- 
mentation. 

Physiological  Action. — When  applied  to  the  skin,  chloro- 
form acts  as  an  irritant,  and,  if  evaporation  be  retarded,  as  a 
vesicant.  The  vapor,  when  inhaled,  produces  anaesthesia. 
When  used  for  this  purpose,  it  should  be  quite  pure,  and  some 
air  should  be  admitted  with  the  va]>or  when  administered.  The 
fatal  accidents  that  have  occurred  in  its  use  as  an  ana^theiic,  are 
due  to  a  paralysis  of  the  heart,  and,  in  some  cases,  at  least,  may 
be  attributed  to  the  exclusion  of  air  from  the  lungs.  It  is  safer  for 
children,  and  with  women  in  parturition,  than  with  ordinary 
adults.  It  is  eliminated  slowly,  and  when  injected  hypodermi- 
cally.  the  efl^ect  is  slow  in  making  its  appearance  and  lasts  for 
several  hours.  It  should  be  administered  with  caution  to  i>erson8 
who  are  the  subjects  of  organic  heart  or  renal  diseases. 
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Impurities. — Chloroform  is  likely  to  contain  as  impurities 
alrohol,  aldeliyde  f»r  hydrochloric  acid.  Pure  chloroform  should 
leave  no  residue  when  a  few  drops  are  evaiK)rated  on  a  watch 
glass.  When  shaken  with  an  equal  vohime  of  water,  the  latter 
when  separated  should  not  affect  litmus  paper;  nor  give  a  preci- 
pitate with  Hg.^(NOj)j;  nor  iibenitc  iodine  from  a  solution  of 
Kl.  A  portion  of  ii  digested  with  a  solution  of  KOH  should 
not  become  dark  (absence  of  aldehyde).  If  a  dark  color  appears 
when  lo  c.  c.  of  chloroform  are  mixed  with  5  c.  c.  of  H,SO„  and 
allowed  to  remain  in  contact  for  24  hours,  it  shows  the  presence 
of  foreii^n  substances  of  a  dangerous  character.  If  a  few  drops 
of  chloroform  be  evaporated  from  a  blouing  pa[)er  on  the  palm 
of  the  hand,  no  foreign  odor  should  be  delected. 

Detection  of  Chloroform. — A  very  delicate  test  for  chlo- 
roform, even  in  the  presence  of  alcohol,  is  to  add  some  solution  of 
NaOH  in  alcohol,  and  a  little  aniline,  lo  the  suspected  liquid. 
Either  iu>mediately,  or  on  gently  warming  the  mixture,  a  strong 
odor  of  phenyl  isocyanide  is  produced. 

Second  lest. — When  heated  with  Fehling's  solution,  chloro- 
form very  promptly  precipitates  cuprous  oxide.  Alcohol  does  not 
interfere  with  the  test. 

Third  tc^t. — When  chloroform  is  added  to  a  solution  of  beta- 
naphtholin  strong  KOH  solution,  and  the  liquid  heated  to  about 
50°  C.  (122°  F.),  a  fine  PriLs.sian  blue  color  is  jiroduced,  changing 
gradually  on  cxj^sure  to  the  air  to  a  green  and  finally  to  a  brown. 
Chloral  hydrate  gives  the  same  reaction,  i'he  boiling  point  of 
chloroform  is  a  valuable  indication  of  its  purity.  Pure  chloro- 
form boils  at  60  8°  C.  (141.4*^  F.J.  The  presence  of  one-half 
per  cent,  of  alcohol  reduces  the  boiling  point  lo  59.8°  C.  (139. 5° 
F.).  A  boiling  point  higher  than  61°  C.  (141.8°  F.J  indicates 
the  presence  of  amvl  or  bntyl  comiX)unds. 

Spiritus  Chloroform!  (U.  S.  P.)  contains  6  per  cent,  by 
volume  of  chlorofunii,  and  94  of  alcohol. 

Methyl  Bromide  (CH,Hr)  or  mono-brom-methane,  and 
dibrom-mcthane,  have  little  or  no  interest  to  the  medical 
student. 

Tri-brom-methane  or  bromoform  (CHBrJ  closely  resem- 
bles chloroform  in  ]jroi>erties.  it  boils  at  150°  C.  (303°  F.).  It 
is  not  infreijuently  present  in  commercial  bromine,  even  to  the 
extent  of  10  \>ct  cent.  It  is  prepared  by  gradually  adding  bro- 
mine to  a  cold  solution  of  KOH  in  methyl  alcohol,  until  the 
liquid  begins  to  be  colored.  It  is  rectified  bv  treatment  with 
CaClj  and  redistillation.  It  is  soluble  in  ether  and  alcohol,  and 
but  sparingly  so  in  water. 


ETHYL    CHLORIDE. 

Iodoform,  Tri-iodo-methanc,  lodoformum  (U. 

(CHIg).  is  lornied  hy  the  combined  action  of  KOH  and  I  uiwn 
ethyl  alcohol.  Its  formation  is  a  convenient  test  for  alcohol. 
This  compound  is  prepared  by  acting  \i\xm  common  alcohol, 
aldehyde  and  many  other  compounds  with  iodine,  and  pota^ium 
hydroxide  or  carbonate. 

It  crystallizes  in  yellow  scales,  which,  under  tlie  microscope, 
resemble  the  beautiful  forms  of  snoA*-flakes.  It  has  a  ]ienetrating, 
saffron-like  odor,  melts  at  120°  C.  (248°  K.),  and  volatilizes 
slowly  at  ordinary  temperatures.  It  is  insoluble  in  water,  but 
soluble  in  alcohol,  ether,  chloroform,  bisulphide  of  carbon  and 
fixed  and  volatile  oils.  It  15  neutral  in  reaction,  and  volatilizes 
completely  on  strongly  healing. 

Physiological  Effects. — Iodoform  is  a  stimulant  and  anses- 
thetic,  when  applied  to  wounds,  and  is  much  prized  by  many 
surgeons  as  an  antiseptic  dressing  for  wounds  after  oj^erations. 
Ii  prevents  putrefactive  decompositions  and  acts  as  a  deodorizer; 
but  its  own  odor  is  disagreeable  to  many  persons. 

Tests  for  Impurities. — Commercial  iodoform,  on  agitation 
with  water,  should  not  yield  a  liquid  precipilable  by  BaCl,  or 
AgNO,.  (The  absence  of  sulpliidcs  and  chlorides.)  It  should 
be  wholly  soluble  in  boiling  alcohol,  and  should  leave  no  residue 
on  ignition  in  the  air.  Picric  acid  has  been  used  as  an  adulterant 
of  iodoform.  It  may  be  detected  by  agitating  a  sample  with  a 
dilute  sohition  of  NaOH  or  XajCO,,  carefully  neutralizing  the 
filtrate  with  acetic  acid,  and  adding  fKitassium  nitrate,  when  a 
yelluw  precipitate  of  potassium  picratewill  be  thrown  down. 

Haloid  Substitution  Products  derived  from  Ethylic 
Alcohol. —  1  hesc  are  formed  by  replacing  the  hydroxyl  group 
by  one  of  the  halogen  elements,  viz.  :  fluorine,  chlorine,  bromine, 
or  iodine. 

Ethyl  Chloride,  C^H^Cl,  is  prepared  by  parsing  gaseous  HCl 
into  a  boiling  solution  of  zinc  chloride  in  twice  its  weight  of 
alcohol.  CjHjOH  -f  HCl  =  C,H,Cl  4-  HOB.  The  ethyl 
chloride  distils  over  and  is  absorbed  by  alcohol.  It  is  a  colorless 
liquid  of  sp.  gr.  0.92,  boiling  at  12.5°  C,  (54.0**  F.) 

Ethyl  Bromide,  C\HjBr,  is  pre|>ared  by  the  action  of  bro- 
mine and  phosphorus  on  al>solule  alcohol.  It  is  a  colorless  liquid, 
boiling  at  39°  C.  (102°  h\).  it,  as  well  as  the  chloride,  has  an- 
aesthetic properties.  The  bromide  has  been  employed  for  this 
purpose,  but  is  not  considered  free  from  danger, 
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ALCOHOLS. 

An  alcohol  may  be  regarded  as  a  compound  of  hydroxy!  and 
hydrocarbon  radical  ;  or  it  maybe  regarded  as  the  result  of  the 
substitution  of  OH  for  one  or  more  H  atoms  in  a  hydrocarbon. 
In  fact,  nearly  all  hydrorarlx^ns  may  be  so  changed  by  the  action 
of  hydrogen  dioxide.  It  may  also  be  regarded  as  constructed 
on  the  water  tyi>e.  It  may  then  be  regarded  as  a  molecule  of 
water,  in  which  one  of  the  hydrogen  atoms  has  been  replaced  by 
a  hydrocarbon  radical. 

HOH,  IIOCH,  HOCgHj. 

Alcohols  may  be  classified  as  mon-atomic»  di-atomic,  tri-atomic, 
etc.,  according  to  the  number  of  hydroxy!  groups  in  the  mole- 
cule. 

A  mon-atomic  alcohol  is  one  containing  but  one  OH  group. 

A  diatomic  alcohol  is  one  coniainin^^  two  OH  groups. 

A  tri-atomic  alcohol  is  one  containijig  three  OH  groups. 

Alcohols  are  also  divided  into  primary,  secondary,  and  ter- 
tiary. 

A  primary  alcohol  is  one  in  which  the  hydroxyl  is  attached 
to  a  carbon  atom  which  is  united  to  hut  one  other  carbon  atom — 


asCH, 


CH.  — CH,  —  O  —  H. 


A  secondary  alcoliol  or  iso-alcohol  is  one  in  which  the 
hydroxyl  grou|j  is  linked  to  a  carbon  atom  which  is  joined  to  two 
other  carbon  atoms,  /'.  £.,  the  OH  forms  a  side  chain;  as,  for 
example, 

CH,  —  CH  —  CH, 


H 

Ito-propyl  alcohol. 

Or,  it  is  an  alcohol  formed  from  isomeric  hydrocarbons.  Thus 
from  butane  we  may  have  two  isomeric  alcohols,  according  to  the 
following  formulae : 

CII,.CH    CH..CH-OH  and  CI  VCH,.CHOH.CM^ 

Ncrmu  Buc)  1  Alcoool,  Uu-buiyl  Alcotiol. 

From  isobulane  we  also  have  two  isomeric  alcohols,  the  one 
primary  and  the  other  secondary  : 

^"•^CH^CHjUH  and  ch'/^'"  ^^  ^^^i 


Uo-propyl  carbiDol. 


Xh'inctbyl  cuUuol. 
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A  tertiary  alcohol  is  one  in  which  the  hydroxyl  group  is 
linked  lo  a  carbon  atom  which  is  joined  to  three  other  carbon 
atoms :  for  example, 

CH, 


Tcrtiiiry  biiiyl  alcohol  or  iri-mrthyl  oirbinol. 

Secondary  and  tertiary  alcohols  are  often  called  carbinoh^  and 
the  gronfw  or  radicals  united  to  the  carbon  atom  holding  the 
hydroxyl  are  given  their  special  names.     (See  Amyl  Alcohols,  p. 

35')  .      , 

Monatomic  alcohols. — Having  given  a  brief  definition  of 
the  several  groups  of  alcohols,  we  shall  now  proceed  to  notice 
briefly  those  members  which  may  be  considered  of  most  imitort- 
ancc  to  the  student  of  medicine  or  pharmacy.  We  shall  omit 
many  of  the  compounds  which  are  of  chemical  interest  only. 

Table  of  Mo.vatomic  Alcohols  of  thr  First  Series,  with  cokres- 
poNDiNG  Acids. 


I 


AlXOHDLB. 


Methyl     Alcohol     (Wood 
S|»lri!) 


FonattU. 


Eihyl    Alcohol    (Spirit    of 
W.I 


tne),  ,    .    . 
I  Aicohol, 


Boft(f« 

Poiflt. 


Billy 

Amyl,  or  Pcniyt  Alcohol.  .  . 


Hrxyl  Alcohol, 
Hcfiiyl      " 


Octyl        " 

Ceiyl  Alcohol 

Cervl 
Mc^Hyl  " 


CHr-O-K 

jC,Hr-0-H 

iC,H„-0-H 

CiH,|-0-H 

|c.H,rO-H 

ChHw-O-H 
CrH»-0-H 


«6»C. 


Fattv  Acids. 


Fonntc  Add, 


7R.4°C.|Ac«Ic  Add, 
97^  C.     Propionic  AcW, 

ii6°C     Butyric  Acid. 
Valerianic,  or 

»37**C.     Peniylic  Acid, 


C^^ioic,  or 
Hexytic  Acid, 
(.Kiunihic,  iir 
iHeptylic  Add, 
{CB[)rTlic.  or 
IkiylicAcld. 


V^  C     Palmitic  Add, 
Stearic  Acid, 

;B*C.    Cerotic  Acid. 
3OC.    ,Melyfc>Ji:  Aod, 


105°  c. 
iMtimg 


Formula,    '  Boainc 
+  Point. 


HCHOk 

+ 

HC»H,o; 

HC.H„0, 
HQHuO, 
HCH«0, 


HC„H«f), 


>oo»C. 


141°  C 
HS»C. 

«OJ«»C, 

MfMng 

/oimt. 
6a*' C. 


|8ff»C. 


METHYL  ALCOHOL  (Wood  Spirit). 

CHa-<  >-  H.     BoiU  at  «.°  C.  (i50.£°  F). 

Methyl  Alcohol  occurs  among  the  i>rodiicts  ot  (he  destruc- 
tive distiUalioM  of  wood,  forming  about  one  per  cent,  of  the  dis- 
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lilbte.  The  alcohol  is  separated  from  the  other  products  by 
carelul  fractional  distillation.  U  is  then  redistilled  after  adding 
lime.  This  is  then  treated  with  dry  calcium  chloride,  with  which 
the  alcohol  combines  to  fonn  a  solid,  crystalline  l>ody,  from 
which  other  iniiwirities  may  easily  be  separated ;  the  alcohol  is 
recovered  from  this  solid  by  distilling  with  water.  The  water 
is  ftnally  removed  by  treating  with  quicklime  and  distilling  at  a 
low  temperature.  Oil  of  winter^rcen  consists  chiefly  of  the 
methyl  etlicr  of  salicylic  acid.  On  distilling  this  oil  with  potas- 
sium hydroxide  pure  methyl  alcohol  is  obtained, 

Melhyl  alcohol  is  a  transparent,  colorless,  mobile  liquid,  having 
a  spiriioiis  odor  and  a  sp.  gr.  of  0.8143.  It  burns  with  a  bluish 
flame.  It  is  miscible  with  water  in  all  proportions.  By  oxida- 
tion it  yields  fonnic  acid. 

CHjOH  -I-  O,  =  CHOjH  +  n,0. 

AVith  acids  it  produces  ethers.  With  acetic  acid  it  gives  melhyl 
acetic  ether,  or  methyl  acetate,  CH, — O — C,H/J.  With  hydro- 
chloric acid  it  gives  methyl  chloride,  CH^Cl.  Many  other  ethers 
and  substitution  products  are  known.  The  physiological 
action  ul  methyl  akohul  is  similar  to  that  of  conmion  ethyl 
alcohol,  but  more  transient.  Methylated  spirit  is  a  mixture 
of  90  j»arts  of  common  alcohol  and  10  parts  of  methyl  alcohol. 
Ethyl  Alcohol,  Common  Alcohol,  r,HjOH. — It  is  pre- 
pared from  saccharine  liquids  by  the  growth  of  a  micrc^copic 
plant  called  yeast,  or  fcrinent.  i'he  process  is  called  fermenta- 
tion. Cane  sugar,  starch  and  cellulose  can  be  fermentid  only 
after  conversion  into  glucose  or  Icvulose,  which  can  be  accom- 
plished slowly  by  the  yeast  itself. 


C,,H„0,,  -f  H,0 


ClucQK.  Lcvulosc, 


This  reaction  accounts  for  only  94  to  96  per  cent,  of  the  sugar 
employed,  the  remaining  [lart  l>eing  transferred  into  other  pro- 
ducts, such  as  succinic  acid,  glycerin,  »*  fusel  oil,"  etc.  The 
yeast  plant,  under  whose  influence  this  charge  takes  place,  is 
known  as  Torula,  or  MycihUrma  ctrnnsia.  The  sugar  to  be 
fermented  may  be  from  the  juices  of  fruits  or  sugar  cane,  or  it 
may  be  previously  prepared  from  the  starch  of  the  cereals  by  the 
aid  of  malt  or  sulphuric  acid.  The  secondary  or  side  products  in 
the  fermentation  vary  somewhat  with  sugar  from  these  various 
sources,  and  thus  give  rise  to  the  difierent  flavors  of  the  fennented 


ABSOLUTE    ALCOHOL. 


347 


liquors.  The  alcohol  may  be  separated  from  tlie  water  and  other 
products  after  the  fermentation  by  careful  fractional  distillation. 
If  it  be  desired  to  prejxire  an  alcohol  containing  more  tliau  90 
per  cent. ,  some  substance  must  be  added  which  will  combine  with 
and  hold  back  the  water,  as  quicklime,  anhydrous  copjKr  sul- 
phate, pciiassium  carbonate,  or  barium  hydroxide,  after  which  it 
is  again  distilled. 

Absolute  Alcohol — Alcohol  Absolutum  (U.  S.  P.) — is  a 
colorless,  lim[)id  liquid  of  an  agreeable  odor  and  burning  taste. 
It  attracts  water,  and  mixes  slowly  with  this  liquid  in  all  propor- 
tions, with  the  production  of  heat  and  contraction  in  volume. 
It  boils  at  78.4'*  C.  (173°  F.),  and  has  never  been  solidified.  It 
is  neutral  to  test  paiier,  and  burns  readily  with  a  non-lnminous 
flame.  It  dissolves  resins,  essential  oils,  alkaline  hydroxides, 
calcium  chloride,  and  a  large  number  of  organic  bodies.  Oxidiz- 
ing agents  convert  it  into  aldehyde,  and,  finally,  into  acetic  acid. 
Nitric  acid  (fuming)  deconqx)ses  it  very  rapidly,  giving  a  num- 
ber of  acids  and  ethers.  U  90  per  cent,  of  alcohol  is  added  to 
a  solution  of  mercury  or  silver  in  nitric  acid,  a  rapid  ebullition 
takes  place,  with  a  crystalline  deposit  of  fulminate  of  silver 
or  mercury,  which  explodes,  when  dry,  by  percussion,  and  is 
used  in  Idling  percussion  caps.  The  formulae  are  C,N.,0,Ag,  and 
CjN/).jHg.  The  alkaline  metals  attack  alcohol,  and  give  ethy- 
lates  of  the  metals. 

aCjHpH  -I-  K,  =  aCjHpK  +  H^ 


When  distilled  with  sulphuric  acid  and  a  salt  of  an  organic  acid, 
U  forms  compound  ethers. 

Physiological  Action. — Alcohol  is,  when  concentrated,  a 
poison.  Kven  when  taken  in  large  doses  well  diluted,  it  has 
frequently  caused  death,  probably  by  paralysis  of  the  muscles  of 
respiration  or  of  the  heart.  In  full  doses  it  causes  a  feeling  of 
warmth  in  the  stomach,  followed  by  congestion  of  this  organ. 
After  absorption,  there  is  at  first  a  feeling  of  exhilaration  with 
exalted  animal  functions,  quickened  puLse'and  increajied  circula- 
tion, with  dilatation  of  the  superficial  blood-vessels.  This  is 
often  accompanied  and  always  followed  by  incoherence  of  ideas 
and  muscular  actions,  and  finally  a  general  weakness  of  all  the 
voluntary  actions.  The  temperature  is  lowered,  I'Oth  in  health 
and  in  most  diseased  conditions  The  prolonged  use  of  alcoholic 
beverages  is  characterized  by  general  degenerative  changes,  cither 
fatty  or  fibroid.     There  are  no  conclusive  arguments  to  prove  the 
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benefit  to  be  derived  from  the  use  of  alcohol  in  licalih,  but  in  cer- 
tain diseased  condiiiuns  it  is  of  undoubted  value 

Commercial  Forms. — Commercial  alcohol  varies  in  strength 
from  85  to  95  per  cent.  Alcohol  Dcodoratum  (  U.  S.  P, )  con- 
tains about  92.5  percent,  by  weight,  and  95.  i  per  cent.  L>y  volume, 
of  ethyl  alcohol.  It  is  jjurer  and  stronger  than  the  ordinary  alco- 
hol, which  contains  alKiut  91  per  cent,  by  weight,  or  94  per  cent, 
by  volume,  of  alcohol,  and  about  9  i»er  cent,  by  weight  of  water. 

Deodorized  alcohol  should  have  a  sji.  gr.  of  about  0.816  at 
15°  C  (59'^  F,),  and  mixed  with  an  eqiial  volume  of  water  and 
one-fifth  volume  of  glycerin,  and  the  mixture  allowed  to 
evaporate  spontaneously  from  clean  blotting  paper  shotild  leave 
no  foreign  odor.  It  should  not  turn  brown  upon  adding  to  it 
concentrated  sulphuric  acid. 

Alcohol  Dilutum  contains  41  per  cent,  by  weight,  or  48.6 
percent-  by  volume. 

Proof  Spirit  contains  49  per  cent*  C,HgO,  so  called  because 
it  is  the  weakest  alcohol  that  will  fire  gunpowder. 

Tinctures  are  solutions  of  medicinal  non-volatile,  or  only 
partially  volatile  substances  in  liquids  other  than  glycerin  or 
water.  Solutions  of  volatile  substances  in  water  are  known  as 
medicated  waters,  and  similar  solutions  in  alcohol  as  spirits. 
The  liquids  emi<loycd  in  the  prei^aration  of  tinctures  are  alcohol 
of  different  strengths,  spirit  oi  ether,  spirit  of  nitrous  ether,  niiK- 
tures  of  water,  alcohol  and  glycerin,  and  aromatic  spirit  of  am- 
monia or  aiumijniated  alcohol  According  to  the  liquid  eu>ploycd, 
tinctures  are  known  as  ammoniated,  ethereal,  or  alcoholic.  The 
greatest  number  of  tinctures  are  made  with  alcohol.  Most 
tinctures  of  the  U.  S.  P.  are  i)repared  with  diluted  alcohol; 
those  of  the  H.  P  wiih  proof  spirit.  The  U.  S.  P.  official 
tinctures,  of  which  there  are  72,  are  made  in  three  ways:  (i)  By 
pcrcohition.     (2)  By  maceration.     (3)  By  solution  or  dilution. 

Preparation  of  Tinctures.  —Tinctures  of  resins,  oleo-resins, 
balsams,  and  most  of  the  gum  resins  are  hcst  prepared  by  macer- 
ation. All  other  drugs  are  conveniently  extracted  by  ix-rcolation. 
Thii  plan  has  been  generally  adopted  by  the  V,  S.  P.,  where 
practicable.  The  B.  P.  directs  first  to  macerate  the  drug  for  48 
hours  and  then  to  i>crcoIate.  The  Ger.  P,  directs  to  prepare  all 
tinctures  by  maceration  or  digestion. 

Detection  and  Estimation  of  Alcohol.— Alcohol  may  be  (Jetecled  in 
qaanlitirs  of  on*?  per  cent,  or  more  in  any  fluid,  by  shaking  ihc  sample  for  a. 
few  miniircs  wnh  a  small  quantity  of  powilered  gimiftcuni  ukcn  from  the 
center  of  a  lump.     Kilter  the  liiiuid  and  add  a  few  ilrups  uf  diluted  liydru- 
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cyanic  acid,  and  a  drop  of  a  weak  solution  of  CuSO^.  If  alcohol  b^  present, 
a  blue  color  is  produced,  which  can  best  be  seen  by  holding  the  tube  over 
white  pafier. 

Second  test:  A  very  delicate  test  for  alcohol  depends  on  the  fact  that 
alcohol,  under  the  influence  of  iodine  and  an  alkali,  yields  iodoform.  Cillj. 
To  to  c.  c  of  the  lii|uid  add  5  drops  of  n  to  per  cent,  solution  of  NaOlI,  and 
warm  (o  about  $0°  C  1 1 22^  ¥.).  A  saturated  s^olution  of  iodine  in  a  solutiua 
of  Kl  is  next  added,  drop  by  drop,  until  ihe  li<i|uid  becomes  slighdy  yellow. 
If  alcohol  be  present,  iodoform  is  gradually  deposited  in  yellow  crystals,  which 
may  be  examined  with  a  lens. 

iliird  test:  A  solution  of  one  part  uF  molylxlic  acid  in  ten  of  strong 
H,S<J>.,  when  warmed  with  t^e  su:>pccted  solution,  immediately  gives  a  blue 
color  in  the  presence  of  alcohol,  ether,  or  aldehyde.  It  will  detect  o.i  per 
cent. 

Alcohol  is  estimated  quantitatively  in  mixtures  with  water,  by  means  of  its 
sp.  gr.  and  reference  to  an  alcoholic  (able  prepared  for  the  purpose.  In  Imc- 
lures,  wine,  beer,  or  other  beverages,  100  c.  c.  of  the  sample  is  put  into  a 
relort  and  distilled  until  about  one-half  distils  over.  The  distillate  is  collected 
and  pure  water  added  to  make  the  volume  up  to  that  of  the  beveioge  taken. 
It  remains  then  to  take  the  ip.  gr.  of  this  solution,  and  refer  to  the  table  to 
dtteimine  the  j»er  cent,  of  alcohol.  The  sp.  gr.  in  these  coses  must  betaken 
with  extreme  care,  with  the  sp.  gr.  bottle. 

Alcoholic  Beverages  are  tistialty  of  three  cla.sses,  viz.,  dis- 
tilletl,  fermented,  and  malt  liqtiors.  To  the  first  class  l)clong 
spirits  distilled  from  fermented  liqttor?— brandy  from  wine, 
M^hiskey  from  a  mash  of  corn  or  rye,  rum  from  molasses,  gin 
from  corn  spirit  mi.xed  with  juniper  berries. 

To  the  second  class  belong  the  various  wines.  To  the  third 
class  belongs  beer,  prei^ared  from  malted  barley  and  hops.  Ale, 
Porter,  and  stout  differ  from  beer  only  in  the  selection  and 
proportion  of  ilie  itiali,  hops,  and  flavoring  materials. 

We  introduce  here  some  results  of  the  analyses  of  various  dis- 
tilled licpiors,  as  found  in  the  American  market,  for  the  purpose 
of  comparison  as  to  the  ordinary  strength  of  alcohol  (N.  Y. 
State  Board  of  Health  Report,  1882):  — 


Specific  Gravity, 


BmnJy. 

0.9297  to  0.9615 


Alcohol 


f  By  Volu 
\  By  \Vei| 


By  Volume, 
ight. 


P«i  cent. 

30.80  to  50.40 
25.39  ^^  42>9^ 


0.9018  to  0.9646 

P«r  cenu 

38.90  to  60.30 

23.751052.58 


Rum. 
0.9 1 26  to  0.9684 

Per  irn(. 

26.40  to  50. 
21.66  to  42.07 


It  seems,  therefore,  that  there  is  a  great  variation  in  the 
strength  of  these  litjuors  as  ordinarily  sold  ;  aitd  while  they  arc 
sup|>osed  to  contain  from  40  to  50  i>er  cent,  of  alcohol  by 
voltmie,  in  reality  they  usually  contain  from  35  to  45  \>er  cent. 
It  is,  therefore,  a  very  uncertain  way  of  prescribing  alcohol,  to 
prescribe  any  one  of  these  beverages.     A  much  more  certain 
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method  is  to  prescribe  alcohol  of  known  strength,  flavored  with 
ethereal  essences,  and  softened  with  glycerin  or  syrup. 
Wines  contain  from  6  to  25  j^er  cent,  of  alcohol. 

Port  Wine, 16.62  to  23.2  per  cent. 

Sherry  **         ....  16.00  to  25.0       " 

Bordeaux,  Red, 6.85  to  13.0      " 

"  White, 11,00  to  18.0      " 

Champagne, 5.80  to  13.0      ** 

COMPOSITION  OF  FORTIFIED  WINES.     (DirpRE.) 


Sp-  gr. 

Alcohol, 

Extract, 

Glucose,        

Mineral  matters, {     0.55 

Acidity  (as  tartaric  acid}^  . 

Phosphoric  acid 0.025 


Tlie  following  table  is  taken  from  Fresenius  and  Borgmann, 
and  shows  the  average  composition  of  certain  pure  wines  in 
grams  per  100  c.  c: — 


Shkrhv. 

Madeira. 

Marsai.a. 

Port. 

.9?79 

•9939 

.9966 

.9974 

17.20 

17.7s 

16.71 

17.53 

5.38 

4-35 

4.98 

i.U 

2-97 

2.08 

3.24 

0.55 

0.39 

0.22 

6.26 

0.52 

O.S4 

0-33 

0.49 

0.025 

0.04  a 

o.oiS 

0.033 

Red 
Main. 


Alcohol — 

Maximum,   .  9.51 

Minimum,    .  9.49 

Average,  .    .  9.50 

Extract,    ....  3.00 

Mineral  matters,  .  '  0.32 

Acidity ;  0.5S 

Glycerin,  .    .    ,    .  ■  1.19 
Sulphuric     acid 

(SO3),  ....  I  0.076 
Pho^phoric  acid 

(P,0,),     .    .    .  0.065 


Wmith      I     tj        „  White  Rkd        ,, 

Main.  ""*^''*-       Frknlh.    Fkhnch.  ,'^'*=*'='-^«- 


10.15 
8.90 
9.52 
2.43 
0.19 
0.69 
1. 10 

0.044 

0.039 


10.30 
6.42 

8.77 
2.32 
0.22 
0.62 
0.92 

0.047 

0.040 


9-84 
9.05 
9-44 
2.54 
0.26 
0,62 
0.94 


9.32 

7.99 
8.56 

2.44 
0.25 
0.54 
0.86 


8.72 
7.04 
8.08 
2. 1 1 
0.18 
0.79 
0.73 


0.017       0.013       0.012 
0.034       0,027       0.047 


Beers  and  porters  contain   from  i  to  10  per  cent. ;   average 
about  4  to  5  per  cent,  by  volume.      The  average  of  extractive 
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matters  (dextrin,  cellulose,  sugar,  lupulin,  and  hop  resin)  is  4  to 
15  in  ale,  4  to  9  in  porter,  and  about  5  per  cent,  in  beer.  All 
alcoholic  beverages  are  subject  to  gross  adulterations.  Artilicial 
beverages  are  frequently  sold  in  all  markets. 

The  following  table  illustrates  the  comjiosition  of  the  follow- 
ing n:»alt  liquors  (Allen)  ; — 


Pilsen  Lager, 

HanoveriAii  laager  (sTcrage  of 

20  samples) 

American    Lager    (average    of 

I9samule») 

lUss's  Pale  Ale, 

Aliop's  Pale  Ale 

Oui[ie&:»*^  Stout 


Dublin  " 

Munich  Lager 


Sr.Ciu 


1.013 

1.017 

1.016.2 
1.013.8 
1.014.4 


1.124-4 
I.oit 


Alco* 

UOL. 


3.55 
4.01 

2.78 
6.25 
6.37 

6.66 
5.05 
5.50 
4.7s 


SoLttt 
MATTmK   OK 
EXTHACT. 


5.^5 

6.34 

6.^ 
6.98 
4-44 
7.24 
5.48 
8.71 
7.08 


Fitaa 
Acid. 


o.ii 
0.14 
0.24 
0.20 
0.23 
0.18 
0.15 


>ao 
.a4 

.30 


Propyl  alcohol,  or  ethyl  carbinol  (C,HjOH),  is  found  in 
the  latter  portions  of  the  distillate  in  rectifying  crude  alcohol. 
Its  sp.  gr  is  0.82.  It  boils  at  97.5"  C.  (207.5°  ^O-  ^^  "i^V  ^ 
separated  from  its  mixture  with  water  by  saturating  it  with  CaCl^, 
which  absorbs  the  water  and  allows  the  alcohol  to  separate  as  a 
layer.  When  oxidized,  it  yields  propyl  aldehyde  (C,HjOH) 
and  propylic  acid  (C^H.COOH). 

Butyl  Alcohol  (C\H,OH}. — There  are  four  butyl  alcohols 
known.  The  butyl  alcohol  of  fermentation  is  formed  during  the 
alcoholic  fermentation  of  sugars.  It  may  be  obtained  by  repeated 
fractional  di^itiUation  of  the  heavier  portions  that  come  over  at 
the  end  of  the  distillation  of  the  mash.  It  is  a  colorless  liquid, 
boiling  at  1 16"^  C.  (240.8^  F.).  It  is  more  poisonous  than  ethyl 
or  methyl  alcohol. 

Amyl  Alcohol,  Fusel  Oil.*  Potato  Spirit.  Propyl  Car- 
binol (CjH„OH).— Of  the  eight  i>os5ible  theoretical  amylic 
alcohols,  seven  are  known  : — 


*  Fusel  oil,  properly  speaking,  is  a  mixture  of  several  alcohols,  of  which 
unyl  alcohol  is  one. 
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HO 

\ 
H.C  —  C  —  C  —  C 


Normal  amy 


IIO 


C  _  C  —  C  —  CH, 

11         II         II 
k      H-      H, 
lyfalcohoi  or  prunary  amylic 


H  OH 

1  t 

H,C  —  C  —  C  —  CH, 

i,       " 
C      H, 


alcohol. 


H 


-i 


CH,— CH. 


Secondary  amylic  alcohol,  no-butyl 
carbinol,  or  iso-BEDylic  alcohoL 

O  H,       H, 

\  II  II 

HC  —  C  —  C  —  CH, 


CH, 


CH, 

Dl-ethyl  carbinol. 


HO 


\ 


H. 


CH,— C  — C— CHj 
CH, 


CH, 

Meihyl-propyl  carbinol. 


H      CH,OH 
H,C  —  C  —  C  —  C  H, 
H      H 

Secondary  i&obutyl  carbinol. 


Di- methyl-ethyl  curbinol,  tertiary  amylic 
alcohol,  or  amylene  hydrate. 

O— H 

I  /CH, 

H,C  — C— CC 

I        I  ^CH, 
H      H 

Methyl  •isopropyl  carbinoL 

Of  these  compounds  the  only  ones  of  interest  are  iso-amyl 
alcohol  and  amylene  hydrate. 

Amyl  alcohol  (Iso-amylic  alcohol)  (C^Hj^OH)  is  formed  in 
small  quantities  at  the  same  time  with  ethyl  alcohol,  during  the 
fermentation  of  barley,  corn,  and  especially  potato  mash.  It  is 
prepared  from  the  residue  left  in  the  still  after  the  common 
alcohol  has  been  distilled  off.  The  product  coming  over  at 
132°  C.  (269**  F.)  is  that  collected. 

It  is  a  colorless  oily  liquid,  possessing  a  peculiar,  irritating 
odor  which  excites  coughing,  and  a  burning  taste.  It  is  not 
miscible  with  water,  but  mixes  in  all  proportions  with  alcohol  and 
ether.  It  is  a  good  solvent  of  certain  alkaloids.  Taken  in- 
ternally, both  in  the  form  of  vapor  and  when  taken  by  the 
stomach,  it  acts  as  a  poison,  producing  dizziness,  headache,  and 
intoxication.  Much  of  the  unwholesomeness  of  imperfectly 
rectified  spirituous  liquors  arises  from  their  contamination  with 
fusel  oil. 

1  he  principal  uses  of  fusel  oil  are  in  the  preparation  of  varnish, 


and  a>  a  soiiice  of  amyl  ethers,  which  are  used  extensively  to 
jiteparc  artificial  flavoring  extracts.  Thus,  the  acetate  has  the 
cHJor  of  pears,  atul  is  used  by  confectiuner&  under  the  name  of 
"pear  oil,"  while  the  valfrianate  is  used  to  give  the  flavor  of 
apples,  and  is  called  "apple  oil." 

Amylene  Hydrate,  or  Di-methyl-ethyl-carbinol,  <_'H, 
— CH, — CUH-  (CHjIj. — When  amyl  alcohol  is  heated  with 
ZnClj,  amylene,  C\H,g,  is  formed  ;  this  combines  with  hydriodic 
acid  to  form  amylene  iodiile.  This  iodide  when  treated  witli 
AgaO  gives  tertiary  amylic  alcohol  or  amylene  hydrate.  This  is  a 
colorless  liiinid,  boiling  at  io8°  C*.  (226.4°  ^O*  with  a  f)ei'uliar 
odor  resembling  menthol.  It  is  soluble  in  eight  parts  of  water  and 
freely  soluble  in  alcohol.  It  has  been  employed,  in  doses  of  20 
to  25  grains  as  a  Iiypnotic. 

Among  the  higher  monatomic  alcohols  the  following  are  of 
interest : — 

Cetyl  Alcohol,  C„H^OH,  formerly  termed  Ethal,  is  ob- 
tained by  safxjuifying  spermaceti  (Cetaceura,  U.  S.  P.),  which 
consists  of  palmitate  of  cetyl.  Spermaceti  is  a  solid  crystallized 
fat  accompanying  sperm  oil,  in  the  head  of  the  s|>erm  whale. 

Ceryl  Alcohol,  Cj-H^^OH,  is  obtained  in  the  same  manner 
from  Chinese  wax. 

Melissyl  Alcohol,  C„H^,OH,  is  obtained  from  that  por- 
tion of  beeswax  soIuIjIc  in  alcuhol,  which  is  com|:osed  of  mehssyl 
palmiute.  \ello\v  wax  (.cera  flava,  U.  S.  P.)  and  white  wax, 
which  is  bleached  by  exposure  to  moisture,  air,  and  sunlight,  are 
prepared  from  the  honey-comb.  Beeswax  contains,  besides  mclis- 
sic  pahiiitate,  cerotic  acid  and  cerolcin.  The  adulterants  foimd 
in  wax  are  paraffin  and  ceresin.  Poth  paraffin  and  ceresin  reduce 
the  melting  i»oint  of  wax,  which  should  nut  be  lower  than  63.3° 
C.  (146*'  F.).  Pure  wax  will  yield  not  more  than  3  per  cent,  to 
cold  alcohol,  whereas  resin,  if  present,  would  be  extracted  by  the 
alcohol.     Roih  paraffin  and  ceresin  are  insoluble  in  alcohol. 

Diatomic  Alcohols  (glycols)  are  of  little  interest  to  the 
physician  or  pharmacist.  They  may  be  regarded  as  being  de- 
rived from  two  molecules  of  water,  in  which  one  atom  of  H  from 
each  molecule  bus  been  displaced  by  a  diatomic  radical. 

Glycol  (r,H/()H),),  or  Ethylene  Alcohol,  is  a  rolorlt'ss, 
transpart-nt,  ahnost  colorless  lii|uid,  less  mobile  than  aKohol, 
having  a  sweetish  ta.ste,  and  l>oiling  at  197°  C.  (386.6°  F. ).  It  dis- 
solves in  water  and  alcohol  in  all  proportions.  It  is  prepared  by 
decomposing  ethylene  dibromide  with  pot.issium  carbonate. 

CjH^Br,  -f  KjCO,  -f  I1,0  -  C,H,(OH),  +  aKBr  -f-  CO.. 
It  has  no  practical  applications  in  medicine. 
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TRIATOMIC  ALCOHOLS,  OR  GLYCERINS. 


Ordinary  Glycerin — Glycerol,  CjH. 


UH 

OH,  was  discovered 

OH 


by  Schcclc  in  1779,  and  was  cal'cd  by  him  the  sweet  princi- 
ple of  oils,  it  ii  preftared  on  a  large  scale  from  the  neutral 
lats,  as  a  side  jjruduct  in  the  manufacture  of  soap  and  candles. 
These  fatty  bodies  are  comjx)sed  of  fatty  acids  In  combination 
with  glyceryl  (C^HJ,  the  radical  of  glycerin  ;  /'.  e.,  they  are  com- 
pound ethers  of  the  fatty  acids  and  glyceryl.  On  treating  these 
ethers  with  alkalies,  a  salt  of  the  alkali  with  the  acid  is  fonned, 
termed  a  soap ;  the  glycerin  i^  set  free  by  the  reaction  and  re- 
mains dissolved  in  the  water  present.  This  process  of  decompos- 
ing a  comi)ound  ether  into  an  alcohol  and  acid,  or  salt  of  the 
acid,  is  called  saponification.  Neutral  fats  can  also  be  siponi- 
fied  by  treating  them  with  superheated  steam,  which  is  the  pro- 
cess now  usually  employed  in  candle  factories.  The  glycerin  is 
freed  from  the  water  by  evaporation,  and  finally,  by  distillation 
with  the  aid  of  su|*erhcated  steam.  Glycerin  is  also  formed  dur- 
ing alcoholic  fermentation,  and  is  found  in  wines,  etc.  It  is  a 
colorless,  syrtipy  liquid,  possessing  a  swe;:tish  taste  and  no  odor. 
Its  density  is  1.28  at  15.5°  C.  (60°  F.).  The  official  glyccri- 
num  ha.s  a  density  of  1.25.  It  is  soluble  in  all  proportions  in 
water  and  alcohol,  but  not  in  ether.  It  is  hygros'^opic,  and  ab- 
soibs  water  readily  until  it  has  absorbed  twice  its  own  volume.  Its 
ran;:fe  of  solubility  i-s  large,  as  will  be  se.;n  by  the  table  in  the  ap- 
pendix. When  heated  in  air,  it  boils  at  290*  C,  (554°  F  ),  and 
distils  with  partial  decomposition.  At  low  temperatures,  it  forms, 
under  certain  circumstances,  a  crystalline  mass.  When  heated 
in  the  air  to  a  high  temperature,  it  takes  fire  and  burns,  leaving 
no  residue.  Bone  acid  imi>arts  a  green  color  to  its  flame,  or  to 
a  flame  directed  upon  a  platinum  wire  moistened  with  it.  This 
is  one  of  the  most  convenient  tests  for  boric  acid.  Chemi- 
cally, glycerin  is,  as  above  staled,  a  triatomic  alcohol;  /.  t.^ 
it  contains  three  hydroxy!  groups.      When  oxidized,    it  yields 

O.OH 


lyceric  acid 


C  H  ) 


I  OH.     It  is  capable  in  certain  circumstances 


{^OH 

of  undergoing  fermentation  with  yca.st,  producing  ethyl  alcohol, 
propyl  alcohol,  butyric  and  caproic  acids.     It  unites   with  the 
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alkalies  and  alkaline  earths,  the  compounds  being  soluble  in 
water.  It  prevents  the  precipitation  of  copper  hydroxide  by  so- 
dium or  potassium  hydroxide,  and  has  been  recommended  I'ur 
this  pur[Jose  in  the  preparation  of  Fchling's  test  solution  for 
glucose. 

(rlycerin  is  sometimes  adullurated  with  glucose,  cane  sugar 
syrup,  and  water.  The  first  and  second  of  these  will  usually  be 
easily  detected  by  adding  a  solution  of  sodium  hydroxide  (caustic 
soda)  and  enough  copper  sulphate  to  impart  a  blue  color,  and 
boibng  for  a  few  minutes,  when,  if  these  be  present,  red  cuprous 
oxide  will  be  precipitated.  The  presence  of  water  may  be  de- 
tected by  taking  the  specific  gravity,  which  should  not  be  below 
1.25.  Glycerin  is  the  basis  of  the  manufacture  of  nitro-glycerin, 
used  in  various  forms  of  blasting  agents,  such  as  "  duiUine," 
"dynamite,"  "giant  powder,"  "rend  rock,"  etc.,  which  are 
usually  compased  of  nitroglycerin  and  some  |K)rous  substance  in 
pDwdcr  form. 

When  glycerin  is  saturated  with  gaseous  HC!,  and  then  healed 
for  several  hours  to  100*^  C,  mono-chlor-  and  di-chlorhy- 
drines  are  formed. 

C,H,(OH),  +  HO  -  C,H.(OH},a  +  H,a 
CjUj^OH),  -J-  aHCI  =  CiFljOHCI,  -f-  2H,0. 

Sulphuric  acid  combines  with  glycerin  to  form  glyccro- 
sulphuric  acid.  Glacial,  or  meLiphosjihoric  acid,  fonas  gly. 
cero-phosphorsc  acid. 

c,H4(Oir),opo  =0,  -  n,. 

This  acid  is  one  of  thedecotnpo^ition  products  of  lecithin  and 
prutagon,  two  complex  bodies  foimd  in  nerve  substance,  espe- 
cially of  the  brain.  The  acid  itxelf  hat  been  found  in  the  brain, 
nerves,  muscles,  yolk  of  egg,  bile  and  pus.  The  pho.iphorus 
present  in  nerve  li»vie  probably  exists  in  the  form  of  either 
lecithin  or  protagon,  iHjth  of  which  contain  glyccro-phojiphoric 
acid.  Tnc  cstcr»  of  glycerin  *ind  organic  acidi  will  l>e  referred 
to  later.     (See  Neutral  KaU-) 

(NO,. 

Nitro-glyccrin,  or  Glyceryl  TrinltraU,  C,H,  J  N(x. 

(  ^<^U 
When  glyccnfi ii altoirtd  Co  H'tw  In  a  >i1o0  >4re»m  Into  a  mitr  ire 
of  stroog  ttftrk  ztuHrndphur  •  '/Id  l/y  «  f«*vw 

lure,  aAo  t^  miciu/r  litimt  >*'*»  a  Ij'i;^  ')  .[ 
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cold  water,  there  sei*arates  out  a  heavy,  colorless,  prisonous  oily 
liquid — nitroglycerin.  It  cri'stallizes  at  —  20°  C.  ( — 4°¥.); 
sp.  gr.  1.6.  When  inflamed  in  the  air,  it  burns  quietly  and 
rapidly,  but  when  ignited  by  percussion  or  (piick  heating,  ei.i>e- 
cially  in  a  confined  space,  it  exj)lodes  with  terrific  violence,  and 
hence  is  much  used  in  blasting.  In  order  to  make  this  explosive 
agent  less  dangerous  to  handle,  it  is  usually  mixed  with  some 
inert  poWder,  such  as  clay,  diatomaceoiis  earth,  sawdust,  etc., 
and  is  then  sjld  under  the  name  of  dynamite,  dualnie,  rend- 
rock,  aiid  giant  jxtwder.  Under  the  name  of  Spiritus  glonoini, 
a  one  [^er  cent,  alcoholic  solution  is  official,  and  is  used  as  a  heart 
stimulant. 

Tetratomic  Alcohols.  —  The  only  one  of  this  class  of 
alcohols  of  sufficient  imi>ortance  to  be  mentioned  here  is  Erith- 
rile  or  Phycite  (X^H/OH),).  It  occurs  in  many  lichens  and 
alga;  in  combination  with  orsellic  acid,  as  erythrin, 

Pentatomic  Alcohols  have  not  been  found  in  nature,  but 
several  have  been  prepared  by  the  reduction  of  certain  pentoses. 
They  are  of  scientific  interest  only. 

HEXATOMIC  ALCOHOLS. 

In  the  hexatomic  alcohols  the  six  hydroxy!  radicals  are  united 
to  six  different  carbon  alums,  so  that  there  must  be  six  carbon 
atoms  in  the  nucleus.     This  class  of  alcohols  include — 


Mannitol, 
Dukitol, 
Sorbitol, 
Rham  no-hcxitol. 


c;h,(oh),. 


Mannitol-Mannite. — This  is  the  sweet  principle  of  manna, 
and  is  found  widtly  distributed  in  the  vegetable  kingdom.  It 
ocurrs  in  celery,  fungi,  and  seaweeds,  in  the  sap  of  the  larch,  the 
exuded  s.ip  of  the  apple,  cherry,  lime,  etc  ,  and  the  exuded  sap  of 
Fraxinus  onius,  which  in  the  dried  state  forms  commercial  manna. 
It  may  l>e  prepared  artificially  by  acting  upon  graf>e  sugar  with 
sodium  amalgam  <  nascent  hydrogen),  or  by  the  so-called  mucous 
and  the  butyric  fermentations  of  sugar. 

To  obtain  it  from  manna,  dissolve  it  in  half  its  weight  of 
boiling  water,  add  some  albumen.  10  clarify,  and  filter  through 
cloth.  On  cooling,  the  mannile  seixirates  out.  It  may  also  be 
obtained  pure  by  extracting  manna  with  hot  alcohol,  and  crystal- 
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luing.  It  forms  6t>c,  siVky  needles  vfaem  cnvvtakOued  fron  aloo- 
bol,  but  large,  traiispirent  rfaomtwc  prtsB  horn  the  wqfwtom 
solution.  ^Ian^ite  b  intemely  9»eec,  sfMrioglj  aoloHc  m  cold, 
readily  soluble  in  hot  water  and  ■JoohoJ,  and 
It  can  readily  undergo  Ucdc  and  batyric 
alcoholic.  It  combines  wHh  ouny  mrtinic  osides»aiid  alK> 
forms  a  large  number  of  compound  ethos.  Mild  *-ritr*^7"'  {«a- 
duces  mannitose,  C«H.O(OH),.  ByfivthcrosidMioa.  k 
mannitic  acid.  C^H«<  oH  i^CO.OH,  and  sioclnric  ac>d, 
C.H.(OH).  {C«^H 

Dulcitol — Dulcite  ^This  isomcxide  of  manntte  i^  fo'jn*J  in 
dulcose,  or  dulcttc  manna,  a  cr>-stailii>c  ^ub^tancc  frocn  Mada- 
gascar. It  is  found  in  several  pbnts.  It  has  been  prepaied  from 
milk  sugar,  by  treatment  with  sodium  amalgam.  The  properties 
o(  dulcite  resemMe  those  of  mannite. 

Sorbitol — Sorbite — is  a  third  isomeride  of  mannite*  found 
in  mountain  ash  berries  and  in  the  plimi,  cherry.  ap;4e,  and  pear. 
It  forms  small,  colorless  needier.  It  has  been  prepaind  sjrntheti- 
cally  from  dextrose.  Rhamno-hexitol  has  been  prepared  from 
rhamno-hexose,  CyH„0^ 

THE  CARBOHYDRATES  OR   SACCHARIDS. 

Closely  allied  to  the  hexatouiic  alcohols  ts  a  class  of  important 
bodies  found  widely  disiribuied  in  the  vegetable  kingdom,  known 
as  the  carbo-hydrates.  They  contain,  along  with  carbon,  oxygen 
and  hydrogen  in  the  proportion  to  form  water.  Until  very 
recently  this  class  of  bodies  were  all  natural  bodies,  farmed  by 
plant  or  animal  life.  Several  ot  them  have  since  been  formed  by 
synthesis,  and  it  now  seems  likely  that  at  no  distant  day  all  of 
these  important  food-siuffs  may  be  prcjjared  s>'ntheiically.  Owinu 
to  the  discovery  of  a  considerable  number  of  new  tomi>ounds  of 
this  class,  the  old  clafsification  into  saccharoses,  glucoses  and 
amyloses  has  become  insufficient.  The  numberol  carbon  atoms 
entering  into  the  molecule,  instead  of  l>eing  six,  or  a  multiple  of 
six  atoms,  is  now  known  to  vary  from  three  to  nine,  or  some 
multiple  of  thesr  They  may  be  c^^ssi^lcd  into  monosaccha- 
rids,  disaccharids.  trisaccharids  and  polysaccharids 

The   compounds  of  each   of  these   cUisscs  arc  divided  into 
smaller  groups,  according  to  the  nnml>cr  of  carbon  atoms  .nn 
uim^l  in  their  molerules.  into  trioses,  tetroses.  Dcntoscs 
hexoses,  heptoses.  octoses  and  nonoses  '•"^cs, 
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CLASS  I.— MONOSACCHARIDS.    , 

Trioses. — Glyccrosc,  CjH,0,.     Formed  by  the  oxidntion  of  glycfrin. 
Tetroses. — Erythrosc,  C^H^Uj.     Kormctl  by  the  oxidation  ol  erylhrite. 
Pentoses. —  Ahbinose,   CJI,„r\;    Xylose,   fjllju**^;    Ribose,   C.H,/)^; 

Rhamnose  or  isodulciie,  ^7,H,tCK,)lis;  Fucose, Cj^H,fCn)aOj. 
HexoscB.  —  In  this  gruup  are  iwo  sub-groups, — (be  aldehydes  or  a  oo8CS«and 

Ihc  ketones  or  ketoses. 
The  aldoses  include: — 

Dextrose,  CgH,,0,,  starch  sugar,  or  glucose. 

Mannose,  C^ilitO,,  oblaioed  from  maiina. 

Gulose,  a  syntht^iic  hU^nr. 

Galactose,  from  inversion  oflactose. 

Talose,  a  synthelic  suKar. 

Rhamno-hexose,  C,H„(CHj,)0,,  a  synthetic  sugar. 
The  ketoses  include: — 

Levulose  or  Fructose,  from  invert  sugar. 

Acrose,  a  <synlhclic  sugar. 

Sorbinose,  from  mountain  ash  berries. 
Heptoses. — Manno-hcptosc,  C.,H„(~)j.  obtained  from  maonose. 

Gluco-heptose,  CjlIj^O,,  obtained  from  glucose. 
Octoses.  —  Manno  octose,  l.',H|jOg,  prepared  frura  mannose. 

Gluco  octose.  C,ll,(Og,  prcjiarcd  from  glucose. 
Nonoses. — Manno-nonoae,  C\H,yOg,  prepared  from  mannose. 

Gluco-nonose,  C^Hi^Oi,  prepared  fram  glucose. 

Cr.ASS  IT.— DISACCHARTDS. 

Tribioses,  C,H,oOj,  and  tetrabioses.  C^Hj^O,,  arc  unknown. 
Pentabioses,  C,„h,grt^. — Arabinose. 

Hexabioses,  Cj^H^O,,. — Sucrose,  Lactose,  Maltose,  Isomaltosc 
halose  (myco^e),  Melabioae  (cucalyn),  Turanose. 

CLASS  HI— TRISACCHAKIDS. 
Hexatnoses. — Rafi&nose  or  meletrtose,  Cj^HgO,,. 


CLASS  IV.— POLYSACCHARIDS. 

Under  this  class  arc  ^jrouped  a  number  of  Cflit>ohydratc5  of  vegetable  origin 
whose  molecular  formulne  have  not  beeo  determined.  Some  of  ihem  ore 
crystallizabic,  as  g^entianose  found  in  genliao  foot,  and  lactosin  found  in 
»oap  bark,  white  others  arc  non  cryvlalli^'able.  To  this  latter  group  belong 
the  starches,  the  dextrins  and  the  celliUoses. 

MONOSACCHARIDS. 

Tliese  comjM>nn<Js  are  neutral,  colorless,  oiiorless,  ami  sweeP 
tasting  Iwdics,  easily  soluble  in  water,  insoluble  in  ether,  and 
soluble  with  difficulty  in  alcohol. 

They  are  easily  oxidized,  and  therefore  ihcir  alkaline  solutions 
readily  reduce  certain  metallic    salb.      1  he   most  characteristic 
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reduction  is  afforded  by  the  copper  salts,  and  a  solution  of  cop- 
per tartrate  in  sodium  or  potassium  hydroxide,  known  as  Feh- 
ling's  solution,  is  used  as  a  test  fluid  for  this  class  of  bodies. 
Many  of  them  reduce  the  acetate  of  copi)er  in  a  slij^hlly  acidu- 
lated acetic  acid  solution,  known  as  Barfoed's  reagent.  The 
irioses,  hexoses,  and  nonoses  readily  undergo  alcoholic  fermenta- 
tion, while  the  i>entoses,  heptoses  and  ocloses  do  not. 

All  the  monosaccharids  give  characteristic  reactions  with 
phenyl. hydrazin,  C^H^NH.NH,  giving  precipitates  of  crystalline 
osazones,  when  their  solutions,  slightly  acidified  with  acetic 
acid,  are  lieated  with  it.  By  this  means  they  may  be  separated 
from  the  other  classes  and  from  one  another,  and  be  identified. 
A  numlier  of  these  componnds  are  optically  active,  and  may  be 
estimated  by  the  polariscope. 

The  trioses,  tetroscs,  and  pentoses  are  not  of  sufficient 
importance  to  merit  here  more  than  a  mere  mention. 

The  tri-saccharids  are  not  of  sufficient  im(;)ortance  to  merit 
a  sejjarat^  description. 

THE  HEXOSES,  OR  GLUCOSES. 

THE   ALDEHYDE    GROUP. 

'  I^(;trose— Glucose-'Grape-Sugar,  CgH,jO,. —  Thissugar 
is  yff  c  diffused  throuj^h  the  vciietable  kingdom,  occurring  in 
gra;>cs,  honey,  in  most  sweet  fruits,  sprouting  grains,  etc.,  usually 
mixed  with  an  equal  amount  of  levulose.  It  occurs  in.  small 
quantities  in  the  blood,  yolk  of  eggs,  and  in  larger  quantity  in 
diabetic  urine.  It  is  manufactured  on  a  large  scale  from  corn 
starch,  by  boiling  with  dilute  sulphuric  acifl,  ncutrali/ing  with 
lime,  drawing  off  the  clear  syrup  alter  settling,  and  evapijraling 
it  down  to  a  thick  syrup  and  allowing  it  to  crystallize.  Dextrose 
is  less  sweet  than  cane  sugar,  ^^l.  parts  of  the  former  giving  the 
sweetening  [wwer  of  i  part  of  the  latter.  It  is  sometimes  u.'^ed 
to  adulterate  the  light  brown  varieties  of  cane  sugar.  When 
present  m  considerable  quantities,  5  percent.,  it  may  often  be 
detected  by  its  property  of  mashing  between  the  teeth  instead  ot 
crushing  like  cane  sugar.  Dextrose  crystallizes  with  .some  diffi- 
culty, and,  as  usually  met  with  tn  the  market,  it  does  not  present 
to  the  naked  eye  a  distinct  crystalline  appearance.  It  easily' 
undergoes  oxidation,  especially  in  alkaline  solutions,  and  lliux 
acts  as  a  reducing  agent. 

U  readdy  reduces  sUver,  copper,  bismuth,  and  mercury  ^all-s  in 
hot  alkaline  solutions.     Sdver,  if  amnujnia  be  pre.senl,  is  redm  ed 


v^tnKvi  :ia^  v^.i  it  ♦  •iiai.Tac'*<»  anL  manner. ''s'ek  -tt  n-  -m^ 
t.  4  y^tj'.*-^-.  V    ;,t.it /Til*:,   u'  I'X*  'jr^^rtUxhssiz  -zmnrr  saxpvaoa^ 

'^w^/,  *v^/C  '^  v**^  A^  ',•»  5  n:  J-T4TTC.  :c  fj— -  -  -«*  J^r  noal- 
u:  1*    y/^*'  w"  *•;    '^  t  >-?r  Bsi.;    lit  a*:.      I»:s=-asc:  imaE-joes 

M**-".^*  !!*.:•-•.     "W-,*^.  ••^a.-Jt-:  r;Li.--T  ->:  'iis*;  ^::d7«:»LT»2i^  mare  jisr- 

//y  ,-.•*■  'x?rt  'Af>^^  -  .'v  -/.-tec  *;t;-j  ^-t'.T  c-rc-ii  ckctjc  sesi- 
*rt*'.f ,    •     ^  /;;;,',./  ';,.ir,;(*r;   .r,v»  -i.-.*.<,  ic  i.     Tiiert  s  some 

/.I  Jr.'.  '//fi»*".v  ':.r.r.^  ';i;^^t,or#.  It  i?  an  sssL-ilable  5G*ar, 
•  K'/'i;/.'.  /*'/•  v/  r'j/,,.y  v>at  ;'jv;i''/!^.  Wher.  :n;«::e<i  :rto  ibe 
/  *;'  -M*i'/ri  '/f  ;»  'lo;;  •;•*  j^rcat'rr  j/^rt  of  it  pai-st;  unchanged  into 

l'h<!fiy)   OliicoHa/onc,  C,H/\ /^r:ji.\.Hv  —  This  com- 

(/oiihJ,  |yf'/I>i' '-'I  \ty  A-tUtf^z  with  |*henyl-hy«Jraz:n,  occurs  in 
yll'/w  i('-"I('?,.  It  j:;  (/r'')/:ir':'l  tifi'lcr  the  conditions  mentioned 
iMi'l'-r  |.('i/*v,  ^;f  fh':  prr|;ir;ition  of  jihcnyl  lactosazone.  The 
f'/Mi(ii'i'#i( //(  \\\f:i'  I  X)',\:\\\  ii  #Mn|;loycd  a-)  a  test  for  glucose  in 
ii»(((**  '!'#  v  '  ■  *'  "'  *!•''  ft'n|X'ct<:cl  urine  a<Jfl  i  or  2  grms.  of 
|»(m'(ivI  liy«I».i/iri  liv«lfo<  lilomtc,  2  j^rtiis,  so'Iiiim  acetate,  and  heat 
o(i  .1  w(ii*i  h.'itli  (or  ;i  ImM  lioiir  ;  or  add  10  to  20  dro|^  of  pure 
((tu'iiyl  liydM/iri  auA  ;iii  r*|i]al  nnrnljer  of  <lrops  of  50  percent. 
(Ill  III  .11  id,  ind  w.iiiK  AS  lirlorc.  Oil  nxA'nv^,  if  not  before,  the. 
glm  (n.i/Mitr  tM'p.uairt  out  at  yrllow(:ryst;dlinc  needles.  This  test 
will  di'di  I  ■,  j/KiiT  ol  j.^Iii(  osr  piT  liter. 

MMiinoHr.  <JI|/>„,  in  olitiiined  l»y  tlie  careful  oxidation  of 
itiiiiinitr,  iind  l»v  ilic  hvdrolvsis  of  many  natural  carbohydrates, 
mpi'i  iidiv  (lie  irlluUric'  lioi.i  palm  mils,  vegetable  ivory  nuts,  etc.. 
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by  heating  them  with  dilute  H^SO,.     It  is  a  hard,  friable  powder, 
easily  soluble  in  water  and  fermentable  with  yeast. 

THE    KETONE   GROUP. 

Levulose,  or  Fructose,  t\H„0^. — This  sugar  occurs  mixed 
with  dextrose  iti  the  iiatiiral  sources  of  that  sugar,  mcutioned 
above.  It  is  obtained  with  dextrose  in  invert  sugar,  prepared  by 
healing  cane  sugar  with  dilute  acids.  It  differs  from  dextrose  in 
being  less  fermentable  and  in  its  rotary  power,  which  is  left- 
handed  instead  of  right-handed  ;  the  other  differences  are  of 
minor  imjiortance,  except  sweetening  power,  which  is  greater  in 
this  sugar  than  in  gra|je  sugar. 

Levulosc  is  easily  assimilated  when  pure,  and  is  completely 
and  easily  burned  in  the  body.  Its  use  does  not  increase  the 
sugar  in  the  urine  of  diabetics.  It  has  been  recently  introduced 
as  a  sweetening  agent  for  diabetics,  under  the  name  of  diabetin. 
It  yields  a  compound  with  phenyl  hydrazin,  identical  with  that 
derived  from  dextrose.  It  forms  a  compound  with  calcium  hy- 
droxide, which,  unbke  that  yielded  by  dextrose,  is  extremely 
insoluble,  and  may  be  employed  for  the  separation  of  these  two 
sugars. 

AcrosCf  CgHj^O^,  is  a  synthetical  sugar  obtiined  by  Emil 
T"ischer  from  acrolein,  CH^.CH.COH,  an  aldehyde  obtained  by 
superheating  fats  or  glycerin.  It  is  interesting  from  the  fact  that 
I'uui  it  mannose,  glucose,  and  levulose  have  been  artificially 
prepared. 

Inosite,  C\H,,04.2H,0  =  (CHOH\  4  H,0,  is  optically 
inactive  and  does  not  react  w*ith  phenylhydrazin.  It  occurs 
sparingly  in  the  human  body.  It  has  been  found  in  the  heart, 
muscles,  in  diabetic  urine,  and  in  that  of  Bright's  disease.  It 
has  also  been  found  in  the  lungs,  kidney,  spleen,  liver,  and 
brain.  It  occurs  in  abundance  in  the  vegetable  kingdom, 
especially  in  unripe  beans,  from  which  it  may  be  conveniently 
prejKired.  Its  sweet  taste  is  its  only  resemblance  to  the  sugars. 
It  is  now  believed  to  be  a  derivative  of  benzene,  and  not  a  sugar 
at  all. 

Pure  inosite  forms  large  efflorescent  rhombic  tables,  or  occurs 
in  tufted  lumps  of  fine  crystals.  It  is  readily  soluble  in  water, 
slightly  so  in  dilute  alcohol,  and  insoluble  in  strong  alcohol  and 
ether. 

Galactose,  or  Cerebrose  (C,H„0,),  is  formed  together 
with  dextrose,  when  lactose  is  boiled  wtih  dilute  mineral  acids. 
The  two  sugars  may  be  separated  by  crystallization  and  by  the 
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fact  that  galactose  is  soluble  in  absolute  alcohol,  while  dextrose  is 
not.  In  general  reactions  and  behavior,  galactose  resembles  dex- 
trose, but  has  a  considerably  greater  rotatory  power.  It  yields, 
phenyl  galacto.>azone  wiih  phenyl-hydrazin,  which  has  the  same 
composition  and  very  similar  [properties  as  the  corresponding 
coiitpourid  of  dextrose.  Galactose  is  fermentable  with  yeast,  but 
le-«  readily  than  dextrose. 

Sorbinose,  or  Sorbin  (C^Hj^O,),  is  found  in  ripe  moun- 
tain ash  berries.  It  is  not  ferinenlable.  It  is  very  sweet,  and 
easily  soluble  in  water.     It  crystallizes  in  hard,  rhombic  crystals. 

DISACCHARIDS  OR  SACCHAROSES. 

These  sugars  form  an  imijortant  class  of  bodies.  They  are  all 
capable  of  hydrolj'sis  by  dilute  acids  and  certain  ferments,  yield- 
ing monosaccharids. 

This  ]iroress  is  called  inversion.  Cane  sugar,  when  in^-eried, 
givers  dextrose  and  levulose,  lactose  gives  dextrose  and  galactose, 
and  maltose  gives  dextrose  only.  Cane  sAgar  and  lactose  are  not 
fermentable,  while  maltose  is.  Cane  sugar  docs  not  reduce 
Fehling's  solution,  while  the  others  do. 

None  of  these  sut^ars  reduce  Barfoed's  reagent.  ^.— -^ 

Cane  Sugar— Saccharose — Saccharum  (U.  S.  T*.}--. 
Sucrose. — ^L'ane  sugar  occurs  in  the  juices  of  many  plant»i,t.n 
most  sweet  fruits,  in  the  nectar  of  (lowers,  and  in  honey.  It  a 
found  in  large  quantity  in  the  juice  of  the  sugar  cane  {Saccha- 
rum officinamm),  in  sorghum  {Sorgo  saccharatum)^  in  beet-root, 
sugar-maple,  and  in  several  species  of  (lalm. 

Sugar  is  obtained  principally  from  sugar  cane,  beet-root»  sor- 
ghum, and  the  maple,  while  some  attempts  have  been  made  to 
obtain  it  from  the  common  maize. 

The  juice  of  the  sugar  cane  is  expressed  by  passing  the  stalks 
between  steel  rollers.  This  is  then  mixed  with  milk  of  lime  and 
healed  to  boiling  to  precipitate  the  coagulable  materials,  phos- 
phates, etc.  These  are  removed,  and  the  clear  liquid  evaporated, 
either  in  open  pans  or  in  vacuum  jans  under  a  reduced  pressure, 
to  a  thick  syrup,  and  then  left  to  (  rystalli/.e.  This  ''raw  sugar" 
is  drained  from  the  "  mother  liquor,"  which  is  further  evaporated 
and  again  left  to  cr>'stallize.  There  is  fmally  left  a  thick,  brown 
liquid,  called  molasses,  or  treacle  contaiuing  uncrystallizabic 
sugar. 

The  raw  sugar  is  refined  by  dissolving  it  in  water,  adding  lime, 
and  Altering  through  thick  layers  of  bone  charcoal  to  remove 
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the  color.     It  Ls  then  evaporated  in  vacuum  jians  and  allowed  to 

crystallize. 

Pure  cane  sugar  crystallizes  in  large,  trans[)arent,  monoclinic 
prisms,  such  as  arc  seen  in  rock  candy.  It  is  soluble  in  one-third 
its  weight  of  culd,  and  in  all  proportions  of  hot  water.  It  is 
sli>>;htly  soluble  in  weak,  but  almost  iiisoluble  in  absolute  alcohol. 
It  melts  at  160^^  C.  (320^  F.),  and  solidities,  on  cooling,  to  an 
amorphous  mass,  called  "barley  sugar.*' 

The  rotary  power  of  sucrose,  in  solution,  is  taken  advantage 
of  for  its  quantitative  determination. 

When  cane  sugar  is  boiled  with  dilute  sulphuric  acid,  it  takes 
up  water,  and  is  converted  into  a  mixUire  of  dextrose  and  levulose, 
called  invert  sugar. 

C„H„Ou  +  H,0  =C;H„0,  +  C.H„Oe- 

The  same  change  takes  place  under  the  influence  of  yeast, 
probably  from  some  soluble  ferment  contained  in  it.  When 
heated  above  its  melting  point  it  gives  off  water,  turns  dark, 
and  forms  a  bitter,  brown,  amorphous  substance  called  caramel. 
At  a  higher  tem[)erature  it  continues  to  lose  water,  decomposes, 
and  gives  off  inflammable  gases,  consisting  of  marsh  gas,  carbon 
monoxide  and  dioxide.  At  a  higher  temperature  a  distillate  is 
obtained,  containing  aldehyde,  acetic  acid,  acetone,  etc.  Strong 
sulphuric  acid  chars  sugar,  leaving  a  black,  voluminous  mass. 
Dilute  nitric  acid  oxidizes  cane  sugar  to  saccharic  acid,  then  into 
tartaric,  and,  finally,  oxalic  acid.  A  mixlureof  concentrated  ni- 
tric and  sulphuric  acids  forms  with  sugar  a  nitrate,  C„H,^0„(NO,),, 
which  is  amorphous  and  very  explosive.  On  heating  with  sul- 
phuric acid  and  manganic  oxide,  a  large  quantity  of  formic  acid 
is  formed.  Cane  sugar  forms  a  series  of  metallic  compounds 
called  sucrates  or  saccharates.  An  aqueous  solution  of  sugar 
will  dissolve  calcium,  barium,  magnesium,  and  lead  oxides,  and, 
with  an  alkali,  copper  and  ferric  oxides  also.  The  barium  salt 
crystallizes  well. 

When  cane  sugar  is  injected  into  the  blood-vessels  of  an 
animal,  it  is  eliminated  in  an  unaltered  condition,  and  is  thus 
shown  to  be  unassimllated.  It  may  l>e  introduced  in  large 
amotmts  by  the  alimentary  canal,  and  none  of  it  api)ears  in  the 
urine.  From  this  it  ap|)ears  that  it  undergoes  a  change  during 
or  before  absorption.  This  change  is  the  result  of  the  action  of 
soluble  ferments  appearing  in  the  small  intestine.  Cane  sugar 
readily  undergoes  lactic  fermeiilation  in  the  presence  of  sour 
milk,  to  which  zinc  oxide  is  added  for  the  fixation  of  the  acii 
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It  does  not  form  a  comj)oiind  with  phenyl  hydra/in,  and  by  this 
test  it  may  be  distinguished  from  ihe  other  sugars. 

Lactose  —  Milk  Sugar  —  Saccharum  Lactis  (U.  S.  P.) 
(C„H„0„.H,0;. —  This  is  an  iiiiportaut  ingredient  of  the  milk 
uf  mammals^  and  is  prepared  principally  from  cow's  nulk,  by 
evaporating  the  whey  after  removing  the  curd  for  the  manu- 
facture of  cheese.  Cow's  milk  contains  from  4  to  5  per  cent. 
of  sugar,  while  woman's  milk  contains  from  6  to  7  per  cent.  It 
crystallizes  in  large,  hard  prisms,  has  a  feebly  sweet  laste,  and  is 
soluble  m  6  parts  of  cold  water.  Yeast  does  not  ferment  it. 
Lactic  and  butyric  fermentations  take  place  readily.  Oxidizing 
agents  yield  mucic  and  saccharic  acids.  Like  cane  sugar,  it 
forms  compounds  with  metallic  oxides,  and  reduces  alkaline 
copper  solutions. 

Ten  c.  c.  of  FehUng's  fluid,  which  is  reduced  by  5  ragr.  of 
glucose,  is  reduced  by  6.7  mgr.  of  lactose.  It  does  not  reduce 
Barfoed's  reagent.*  When  boiled  with  dilute  mineral  acids  it 
yields  equal  molecules  of  dextrose  and  galactose,  which  are  fer- 
mentable. 

Phenyl  Lactosazone  (C„H„Np^. — This  compound  of 
lactose  with  phcnyl-hydrazin  is  formed  by  adding  to  a  solution 
of  lactose  equal  parts  of  phenyl-hydrazin  hydrochlorate  and 
sodium  acetate,  and  heating  on  a  water  bath  for  one-half  hour; 
or  by  adding  10  to  15  drops  of  pure  phenyl-hydrazin  and  an 
equal  number  of  drops  of  strong  acetic  acid,  and  warming.  It 
is  soluble  in  So  to  90  parts  of  boiling  water  and  melts  at  about 
aoo°  C.  It  crystallizes  readily  in  the  form  of  yellow  needles, 
which  are  usually  aggregated  into  clusters. 

Pure  lactose  is  not  affected  by  yeast.  Milk  is  capable  of 
alcoholic  fermentation  under  the  influence  of  certain  ferments. 
This  has  been  cm])lo>ed  from  the  earliest  times  by  (he  inhahii- 
ants  of  Russia  and  Asia  Minor  in  the  ]>rcparation  of  kumyss 
and  kcphir  from  mare's  nnlkn  In  recent  years  these  fluids  have 
attracted  much  attention  for  their  supposed  therapeutic  virtues. 
Very  Utile  is  known  of  the  real  nature  of  the  ciianges  which 
occur  in  this  fermentation.  Kcphir  ferment  is  a  commercial 
article  in  Russia.  Austria,  and  even  in  this  countrj'.  Lactose, 
when  injected  into  the  blood-vessels,  apjjears  unaltered  in  the 
urine.     It   also   sometimes  appears   in    the   urine   in    the  early 


*  Barfoed's  reagent  U  composed  of  I  pan  of  copper  acetate  in  15  paits  of 
-water.  To  300  c.  c.  of  this  solution  add  5  c.  c.  of  acclic  acid  containitig  38 
per  cent,  of  glacial  acid. 
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montl)s  of  lactation  or  during  reabsorption  of  milk,  after  wean- 
ing. It  is,  therefore,  non-assimilahle.  But  when  taken  in  the 
alimentary  canal  it  is  perfectly  assimilated.  It  has  not  been 
observed  to  undergo  any  change  in  the  alimentary  canal  under 
the  action  of  any  of  the  secretions.  Hence,  the  change  prob- 
ably takes  place  during  absorption  through  the  intestinal  walls, 
as  in  the  case  of  maltose.  When  administered  in  large  doses 
lactose  acts  as  an  active  diuretic.  Milk  loses  this  diuretic  effect 
on  being  boiled. 

•  Maltose— Malt  Sugar,  C„H„0,,  H,0.  —  This  sugar  is 
formed  by  the  action  of  malt  diastase  upon  starch.  It  may  also 
be  formed  by  the  action  of  dilute  acids  upon  starch  paste,  but  in 
this  case  the  maltose  is  itself  converted  into  dextrose.  This  is 
the  cliief  sugar  formed  by  the  action  of  saliva  and  {xuicreatic 
juice  ufvon  starch  paste  or  glysogcn,  being  accompanied  in  the 
lase  of  pancreatic  digestion  by  a  variable  but  distinct  amount  of 
dextrose  Maltose  is  very  soluble  in  water.  It  is  also  soluble  in 
alcohol,  but  less  so  than  glucose  It  crystallizes,  with  difficulty, 
in  fine  needles.  It  is  not  easy  to  distinguish  from  glucose  by 
qualitative  tests.  Its  rotary  jKiwer  is  -f  140,  while  lliat  of  dex- 
trose is  52.5  under  the  same  conditions.  With  Fehling's  solu- 
tion, the  amount  of  C'u,0  which  sej^arates,  is  only  about  ^3  of 
that  which  would  he  reduced  by  an  equal  weight  of  dextrose,  or 
6.6  parfs  of  dextrose  reduce  as  much  copier  as  lo  parts  of  mal- 
tose. 13arfoed*s  reagent  is  not  reduced  by  maltose,  while  it  is 
by  dextrobe.  in  this  respect  maltose  resembles  lactose,  and  this 
test  serves  to  distinguish  it  from  dextrose. 

Maltose  forms  with  phenyl  hydra/in,  in  the  presence  of  acetic 
acid,  Phenyl  maltosazone,  C,.^H^O,.(C,H^N,H),.  It  crystal- 
lizes in  minute  yellow  needles  and  is  characterized  by  being  solu- 
ble in  about  75  parts  of  boiling  water,  and  is  still  more  soluble  in 
hot  alcohol.  If  maltose  be  injected  into  the  blood-vessels  it 
appears  unaltered  in  the  urine.  To  be  assimilable  it  must,  there- 
fore, be  changed  before  or  during  absorption. 

Iso  maltose,  C„H„0„,  is  formed,  along  with  maltose,  by  the 
action  of  diastase  upon  starch,  and  by  the  prolonged  action  of 
strong  hydrochloric  acid  ti|>on  dextrose. 

It  is  found  in  commercial  ylucoseand  in  malt  beverages.  It 
undergoes  fermentation  with  difficulty.     It  is  intensely  sweet. 
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Starch— Amylum.  U.   S.    P..    (C^H^O^)..— This   body  is 

fouiul  in  nearly  all  plants,  ll  is  most  abundant  in  the  cereals, 
rice,  potatoes,  and  the  seeds  of  plants.  Starch  occurs  in  the  form 
of  microscopical  granules  inclosed  in  the  cells  of  the  plant  where 
they  occur,  very  much  as  fat  occurs  in  adi|K)se  tissue.  The 
granules,  examined  under  the  microscope,  are  seen  to  be  pos- 
sessed of  a  distinct  organized  structure,  which  is  dififerent  in  each 
different  kind  of  starch.  They  show,  under  the  microscope, 
several  concentric  markings,  arranged  around  a  nucleus,  or  hiluin, 
which  is  situated  nearer  one  edge.  The  sizes  and  markings  of 
the  sLirches  from  the  various  sources  vary  suificiently  to  admit  of 
identification.  This  is  an  important  fact  in  the  detection  of 
adulterations  in  food  and  drugs.  The  appearance  of  a  n'mil>er 
of  the  jitarches  ot  the  market,  as  seen  under  the  microscope,  are 
shown  by  the  plate  on  next  page. 

Starch  is  prepared  by  grinding  the  grain  or  vegetable,  and  then 
suspending  it  in  water,  or  spreading  it  on  a  sieve  and  running 
water  upon  it.  By  this  means  the  starch  granules  are  washed  out 
of  the  cells,  and  remain  susiKinded  in  the  water.  This  milky- 
looking  liquid  is  allowed  to  settle^  when  the  starch  falls  to  the 
bottom.  This  sediment  is  taken  out,  dried,  and  sent  into  the 
market. 

Wheat  starch  is  often  prepared  by  suspending  the  flour  in  water 
and  allowing  it  to  stand  until  the  gluten  is  dissolved  by  putrefac- 
tive fermentation,  when  the  starch  may  be  washed  and  dried. 

Starch  is  insoluble  in  cold  water,  alcohol,  and  ether.  Heated 
with  water  to  a  little  above  60°  C.  (140"  F.),  the  contents  of  the 
granules  swell  up,  burst  the  enveloix's,  and  escape  into  the  water. 
It  appears  at  first  as  a  very  fine  powder,  but  afterward  disap|>ears 
and  forms  an  apparent  solution,  which,  if  concentrated,  forms 
a  jelly-like  ma.ss,  on  cooling,  called  starch-paste.  On  long 
iioiling,  starch  enters  into  a  soluble  form.  The  same  change  is  pro- 
duced by  a  dry  hea'  of  loo**  C.  (212°  F.),  by  diastase,  or  dilute 
sulphuric  acid.  With  diastase  it  soon  i>asses  into  the  form  of 
maltose  and  dextrin.  It  forms  metallic  compounds  witli  ipad, 
lime,  and  barium  oxides.  Soluble  starch  is  precipitated  by  alco- 
hol and  solutions  of  subacetate  of  lead. 

Starch  dissolves  in  cold,  concentrated  nitric  acid  ;  on  the  addi- 
tion of  water,  xyloidin.  a  white  powder,  separates.  The  mojt 
characteristic  reaction  of  starch  is  the  dark  blue  color  it  forms 
with  free  iodine.     This  blue  iodide  of  starch  iseasily  decomposed, 
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and  dissociates  when  the  solution  is    heated,  but   reforms   on 
cooling. 

Dextrin,  or  British  Gum,  is  an  amorphous,  yellowish 
white,  gum-like  body,  readily  soluble  in  water.  It  is  formed  by 
heating  starch  above  150*  C.  (302**  F),  or  by  the  first  action  o 
nialt  diastase,  or  hot  dilute  sulphuric  acid  u{)on  st:irch.  This 
change  is  a  progressive  one.  When  diastase  or  pancreatic  ferment 
is  added  to  gelatinous  starch  (starch  paste),  it  is  liquefied  in  a 
few  moments  and  becomes  soluble  starch,  which  is  represented, 
by  the  formula,  io(C,5H^O,o),  This  is  gradually  hydrated  under 
the  action  of  the  fcnnent,  giving  rise  lo  eight  different  steps  in 
the  process,  and  eight  different  dextrins: — 

Soluble  Sur:h,  .o(C„H„0„)  +  H,0  -  gtC^Hj^Oio)  +  C„HaO„  hbboK. 

Erythro-d««lrin,  A,    9{C,iH,^l,<,l  f  H3O  -  8lC«H»Oh,l  +  C„MsaOu        " 

/cioo-iiextriii,  C,        7tCi-H^  1,0)  +  11^  -=  6lCi|H»0|o)  +  CullaOu        •* 

and  so  on  until  the  final  result  obtained  is — 

AcnxKdexu-iD,  F,       a(CtfKKiO|o?  -f  HjO  ^  3(C|iH«Uia)  -f-  do  UaliOM: 


that  is,  the  final  result  always  leaves  a  f>ortion  of  dextrin  un- 
changed inJo  maltose.  The  final  result  is  about  20  per  cent,  of 
acroo-dextrin  to  80  per  cent,  of  maltose.  Tancreatic  diastase, 
however,  has  the  power  of  slowly  clianging  maltose  to  dextrose, 
and  the  lowest  acroo-dextrin  to  maltose.  Iodine  gives  a  reddish 
color  wiih  the  erylhro-dextrins.  It  gives  no  color  with  acroo- 
dextrin. 

Glycogen  (C^H^/J^)^, — This  substance  resembles  starch,  and 
occurs  in  the  liver  of  man  and  several  animals,  in  the  embryo, 
yolk  of  egg,  and  sonic  ruoUusks.  It  dissolves  in  cold  water  to  an 
opalescent  solution,  but  is  insoluble  in  alcohol  and  ether.  In 
many  of  its  proi>erties  it  resembles  dextrin.  Its  solutions  are 
dextro-gyrate.  A  diet  of  starches,  sugars,  inulin,  glycerin,  albu- 
min of  egg,  fibrin,  3nd  casein  causes  an  increase  of  glycogen  in 
the  liver  ;  while  inositc,  quercite,  mannite,  gums,  and  fats  fail  to 
do  so.  Violent  exercise,  prolonged  starvation,  or  fevers  exhaust 
the  liver  of  sugar.  Glycogen  of  the  liver  is  readily  changed  to 
acroo-dextrin,  maltose,  and  dextrose  by  a  peculiar  diastasic  fer- 
ment found  in  the  liver,  or  by  the  liver  cells.  Iodine  gives  a 
reddish-brown  color  with  both  dextrins  and  glycogen  ;  but  the 
color  returns,  with  the  latter,  after  discharging  it  with  heat. 
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Glycogen  may  be  pre|)ared  from  ilie  liver  of  an  animal,  pre- 
viously fed  with  copious  meals  of  carbohydrates,  by  cutting  it  in 
small  pieces  and  throwing  thi^m  into  an  excess  of  boiling  uater, 
using  about  400  c.  c.  to  500  c.  c.  for  100  grms.  of  the  liver.  After 
boiling  for  a  short  time,  the  pieces  arc  removed  and  ground  in  a 
mortar  to  a  fine  powder,  mixed  with  sand  or  powdered  glass,  and 
boiled  again  for  some  time.  To  clear,  llieHuid  is  rapidly  cooled, 
and  the  protcids  precipitated  with  double  iodide  of  mercury  and 
potassium  with  acetic  acid.  The  solution  is  filtered,  anj  the 
glycogen  precipitated  by  the  addition  of  two  volumes  of  strong 
alcohol,  when  it  may  be  separated  by  filtration  and  washing  with 
absolute  alcohol  and  ether.  Glycogen^  when  pure,  is  an  amor- 
phous white  powder,  readily  soluble  in  water. 

Cellulose  (CftH,aOJ„. — This  forms  the  principal  part  of 
the  solid  framework  01  plants.  The  pure  substance  may  be 
prepared  by  treating  raw  cotton  or  linen  fibre  with  potassium 
hydroxide,  acids,  and  ether,  to  remove  foreign  mitters.  It  is  a 
white  solid,  exhibit mg  the  structure  of  the  fibre  from  which  it  is 
obtained.  It  is  slightly  soluble  in  a  sohalioii  of  cupric  hydruxide 
in  ammonium  hydroxide.  (Jn  ihe  addition  of  an  acid  to  this 
solution  it  is  precipitated  as  a  white  amorphous  mass.  Cellulose 
is  insoluble  in  water,  alcohol,  ether,  and  all  ordinary  solvents. 
Strong  sulphuric  acid  dissolves  it,  aud  on  diluting  with  water, 
white  Hakes  separate.  When  boiled  with  dilute  sulphuric  acid, 
it  is  converted  into  dextrin  and  dextrose. 

When  cotton-wool  is  steef>ed  in  a  cold  mixture  of  i  part  of 
strong  nitric  and  3  parts  of  sulnhtiric  acid  for  a  few  minutes, 
squeezed  as  dry  as  possible,  placed  in  fresh  acid  for  48  hours, 
then  pressed  dry,  and  finally  washed  thoroughly  in  water,  then  in 
a  weak  solution  of  sodium  carbonate,  it  possesses,  when  dry,  great 
explosive  proi^rties,  and  is  called  gun  cotton,  C,H,0,(NOj,),. 
The  appearance  and  physical  pro|jerties  o(  the  cotton  remain  un- 
changed, but  it  l)ecom.s  a  nitrate  of  cellulose,  the  composition 
varying  with  the  mode  of  preparation. 

Pyroxylin  is  a  nitro-celUilose,  containing  less  NO,  groups 
tlian  gimcotton.  It  i^  prepared  by  dipping  cotton  into  a  mix- 
ture of  14  parts  HNO,  and  22  parts  of  H,SOj,  allowing  it  to  -vteep 
for  10  hours,  or  until  it  is  soluble  in  a  mixture  of  alcohol  and 
ether  (i  to  3),  and  then  removing  and  washing  it  in  cold  water.  It 
is  used  as  a  source  of  collodion.  A  solution  of  pyroxylin  in 
methyl  alcohol,  acetone,  methyl  acetate,  or  amyl  acetate  is  used 
as  a  Ucf|uer  for  met.ils.  This  varnish  is  transparent,  flexible,  and 
adheres  well  to  the  metal.  Pyroxylin  is  also  ased  m  tlu  manu- 
3^ 
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CoC^ofsot:  .s  :rr:5r^i  br  isii.'-r-^  i  Tars  :r  pfrrrrax  in 
4t  -V.  r  -.r*  -/  7":.  :an-.  ;r  *E:utr  xrii  Ti  "ar^  ;r  A-ccitcL     Flexible 

•  -.(t  i-iC  -  'y  -^-''-r  V. ,  Styptic  couodaoa  C'wis  rr:s  rcopenr 
V,  2',  -^  '.*rr.   ','.  "-i-r..-.  ii  .1. 
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Tunicin  or  Animal  Cellulose  is  a  s:rr.:^xr  substance  tbund 
ifi  tfi^  *:  ^-if-x  of  VfTCit  ar.imaU. 


VEGETABLE   GUMS. 

'I  K'-  'tf'.iit^  'IT*'  arf.orphotis  >K>dies,  more  or  less  sol-.iMe  in  water, 
((•it  ]ti'0\'itA*-  I't  al'ohol,  attd  are  converted  ir.to  one  of  the 
yUii'r-'j^  l»y  'I.l'jf-  Mp<^>,.  'I  hey  are  of  unknown  constitution 
jiri't  .If  ('»'ih'l  iri  [,|;irit ..  'Ih'-y.ire  non-vo)atle  and  have  little  or 
ttti  t,t-J''  'llfy  ;ir/' non  *  rysiiillizable  and  eminently  collodial. 
I'forn  lliin  i'tft  lli'-y  ;irr  fliffinilt  to  frtirify.  Nfany  of  them 
ft)f|HMt  In  \n'  t  Uf^.r\y  r''I;iti'd  in  <.oinixjsition  tostarch,  while  others 
h,ivr;i  rliffrrriil  f  ornjHAttion.  They  are  distinguished  from  the 
iiU^nin  hy  hrtun  inr:;iiiatjle  of   fermentation  by  yeast,  and  being 
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insoluble  in  alcohol  The  gums  are  distinguished  from  starch 
and  dextrin,  hy  giving  no  color  with  a  solution  of  iodine.  They 
do  not  yield  ammonia  when  heated  with  soda  lime,  which  dis- 
tinguishes them  from  the  alhumiiioiiis.  They  have  not  been 
sufficiently  studied  to  admit  of  accurate  classification. 

Gum  Arabic,  or  Gum  Acacia,  Acacia,  U.  S.  P.  p  is  a  dried 
exudation  from  the  bark  of  different  kinds  of  acacia.  Strictly 
speaking*  gum  arabic  is  the  generic  name.  Gum  acacia  is  ap- 
plied only  to  the  purer  qualities  employed  in  medicine.  It  is 
obtained  chiefly  from  the  Sudan.  It  L>ccurs  in  rounded,  irregular 
masses,  which  dissolve  in  cold  water  to  form  a  thick,  viscid 
solution.  Gum  arahic  consists  essentially  of  the  calcium  salt  of 
arabic  acid,  or  arabin. 

Arabic  Acid,  C\H,f,040H^,  when  heated  with  dilute  H^SO^, 
splits  up  into  a  series  of  glucoses  or  a^abino^es,  of  which  four 
varieties  have  been  recognized. 

Gumsenegal  forms  yellowish  or  reddish  lumps,  often  the 
size  ot  a  pigeon's  egg.  It  is  less  soluble  liiau  the  true  gum  arabic, 
and  its  solution  soon  becomes  dark  in  color.  Gum  arabic  shttuld 
not  contain  more  than  4  per  cent,  of  ash.  The  powder  should 
not  be  colored  blue  (absence  of  starch)  or  red  (absence  of  dex- 
trin) by  iodine.  Its  solution  should  give  an  acid  reaction  with 
lilnuis  paper. 

Gum  Tragacanth  is  a  gummy  exudation  from  AUra^ahts 
^ummifer  and  allied  species.  It  occurs  in  tear-like  masses,  strings, 
or  bands,  which  are  usually  marked  with  ridges.  Gum  traga- 
canth is  usually  white  or  yclIowish-white  in  rolor,  but  inferior 
varieties  are  brown.  It  is  hard,  tough,  and  difficult  to  powder. 
It  is  tasteless  and  insoluble  in  alcohol  and  ether.  It  is  insoluble 
in  cold  water,  but  it  swells  up  and  forms  a  thick*  jelly-like  muci- 
lage. When  diffiised  through  a  hirj^er  amount  of  water,  it  yields 
a  ropy  liquid.  This  liquid  usually  gives  a  blue  colrrwilh  iodine, 
showing  the  presence  of  starch  of  which  it  contains  from  five  to 
six  per  cent.  Tragacanth  contains  about  60  per  cent,  of  a 
gummy  or  pectinose  body,  which  yields  pectic  acid  on  boiling 
with  water  containing  i  per  cent,  of  HCI  and  about  10  percent. 
of  soluble  gum,  probably  identical  with  arabin.  The  character- 
istic pcctinous  constilucni  of  tragacanth  is  variously  known  as 
tragacanthin,  adracanthin,  or  bassorin,  and  is  believed  to 
have  the  comi>osition  C,jH3,C),(,.  Metarabin  is  another  gum. 
found  in  the  roots  of  carrots.  l>eets,  etc.  It  is  insoluble  in  water 
and  is  converted  into  arabin  by  treatment  with  diluted  alkalies. 
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Cerasin  is  the  insoluble  part  of  the  gum  of  the  cherry  tree 
and  peach  tree.  By  long-coatiuued  boiling  with  water  it  yields 
arabin. 

Pectin  is  obtained  by  the  action  of  natural  ferments  on  pcc- 
tose,  an  insoluble  body  existing  in  unripe  fruits.  It  exists  ready 
formed  in  Irish  moss  and  some  other  mosses.  It  is  soluble  in 
water,  ihesolution  gelatinizing  on  adding  either  acids  or  alkalies. 
It  is  precipitated  by  alcohol.  By  treating  with  bases,  pectin 
yields  pectates.  which,  on  the  addition  of  hydrochloric  acid,  give 
insoluble  pectic  acid. 

Algin  is  obtained  from  various  seaweeds.  It  is  solul)le  in  cold 
water,  forming  viscid  solutions  which  do  not  gelatinize  on  cool- 
ing. 

Carragheen  is  the  mucilaginous  constituent  of  Irish  moss 
(Choudrus  U.  S.  P.).  It  is  soluble  in  water,  and  is  not  precipi- 
tated by  alcohol. 

Vegetable  Mucilage  occurs  in  linseed,  raarshmallow,  quince- 
seed,  elm  bark,  etc.  Very  little  is  known  of  l4ie  com|XJsiiion  of 
these  bodies. 

ETHERS. 

A  simple  ether  is  an  oxide  of  a  hydrocarbon  radical.  If  we 
substitute  a  bivalent  oxygen  atom  for  one  hydrogen  atom  in  each 
of  two  siiHJIar  hydrocarbon  molecules,  we  have  a  simple  ether, 
thus: 


^h;}°- 


If  we  suppose  that  in  a  molecule  of  water,  HOH,  we  remove 
both  H  atoms,  and  put  hydrocarbon  or  alcohol  radicals  in  their 
places,  we  have  an  ether.  When  the  two  radicals  are  alike  it  is 
a  simple  ether,  and  when  unlike  it  is  a  mixed  ether. 

Examples  of  simple  ethers — 


CHj  _o  — CH,. 

Methyl  ether  or  Methyl  oxi<le. 
Ethyl  ether  or  EUiyl  oxide 


Example  of  a  mixed  ether — 


Melhyl*clhyl  «lhef . 


ETHERS. 
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Haloid  ethers,  so-called,  arc  the  addition  or  substiiution 
products  containing  one  of  the  halogen  elements,  as — 

C,H,BrorCH,a. 

Esters  or  Compound  Ethers  are  formed  by  replacing  one 
of  the  hydrogen  atoms  in  a  molecule  of  water  by  a  hydrocarbon 
radical,  and  the  other  by  an  acid  radical,  as — 

C,Ha-0-C,H,0. 

Ethyl  Acetate. 

Formation  of  Ethers. — Ethers  may  be  formed  by  the 
dehydrating  action  of  H^SO,  upon  the  corresponding  alcohols. 


aCjHjjOH  -  H,0  =  (C,Hj),0, 

They  may  also  be  formed  by  the  reaction  of  the  chloride  or 
iodide  of  an  alcohol  radical  upon  an  alcohol  in  whith  the  alco- 
holic hydrogen  has  been  replaced  by  a  metal — 

C^H.ONa  -I-  f.,HjI  =  tjHsOCHj  +  N»I,' 

Socfium  kthvl  Kthyl  ElOcr. 


EthyUic. 


Iodide. 


Sodium 
i  oilide. 


C,lLONa-i-  CUjI 

Sod.  EthyUtc.       Methyl 


CHgOCaHa  +  Nal. 

Mclbyl-ethyl  ether. 


The  compound  ethere  may  be  formed  by  warming  a  mixture  of 
the  alcohol  and  the  acid,  or  alkaline  salt  of  the  acid^  wiih  sul- 
phuric acid   - 

Kuiyl  Swd.  Aceuiie. 

AlcoDol. 

CjH^  —  O  —  C,H,0  -f  HNaSO,  +  HjO. 

Acetic  ether  or  Ethyl  Acetate. 

Or  by  the  following  reaction: 

C,HJ  +  KCHO,  ^  C,n»  —  O  —  CHO  +  KI. 
fcthvl  PtKMt.  fcihyl  KoroMte.  Pouuc. 

Iodide.  Foniuie.  lodtdc. 

The  ethers  are  abundantly  produced  by  Iwth  plant  and  animal 
Itfe.  Many  of  the  essential  oils  contain  coraiioiind  ethers.  The 
odors  uf  flijwers,  of  ripening  fruits,  of  j^erfuiiies,  and  ihe  |>eculiar 
boiKpiet  of  the  various  alcoholic  bc\'erages  arc  princi[ialiy  made  up 
of  compound  ethers. 

The  most  important  class  of  ethers  are  the  fixed  animal  and 
vegetable  oils. 
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Ethers  of  the  Paraffin  Scries.  —  Methyl  Oxide  — 
Methyl  ether,  ("K, — O — CH, — ia  a  rolorleis  gas  of  an  ethereal 
odor,  soluble  in  water,  alcohol,  and  H,S(Jj.  It  is  prepared  by 
tlie  action  of  H^SO^  upon  methvl  alcohol.  It  lii[uefies  at — 36' 
C.  (—32.8*  F.). 

Ethyl  ether— Ethyl  oxide— Sulphuric  ether— ^ther 
(U.  S.  P.J — is  jirepared  liy  healing  a  mixture  of  ethyl  alcohol 
and  sulphuric  acid,  and  disiillini^  over  ihe  resulting  ether. 

About  10  parts  by  volume  of  commercial  alcohol  and  12  ]iarts 
of  strong  sulphuric  acid  arc  introduced  into  the  retort,  which  is 
jjrovided  with  two  openings.  Into  one  of  these  a  thermometer 
is  placed,  while  into  the  other  is  inserted  a  funnel  tul)c.  The 
retort  is  healed  until  the  ihermoineier  marks  130°  C.  (266"  F.). 
Alcohol  is  now  allowed  to  run  in  slowly  tiirou^h  the  funnel  tube, 
while  the  tcuipjralurc  is  kept  between  130°  and  140''  C.  (266° 
and  284.°  i\).  The  ether  distils  ofT  with  port  of  the  water  pro- 
duced, and  a  small  quantity  of  alcohol  and  sulphurous  oxide. 
The  crude  ether  floats  u|x>n  the  water  a?  a  distinct  layer.  To 
obtain  it  in  a  pure  state,  it  is  washed  with  a  diluied  soda  solution, 
dried  over  quicklime  or  calcium  chloride,  and  redistilled  by  the 
heat  of  a  water  bath.  This  product  is  called  ''washed  ether.'* 
It  still  contains  some  water  and  alcohol,  and  for  anesthetic  pur- 
poses must  be  a^ajn  purified  by  the  same  ]jrocess.  By  the  above 
process,  a  small  quantity  of  sulphuric  acid  may  be  made  to 
etherize  a  very  large  quantity  of  alcohol. 

The  action  takes  place  in  two  stages,  as  follows:  — 


Alcotiul.  EthyUulphuric  acid. 


CjHjHSO,  -h  C,HjOH 


CH,-0-C,H,-f  H,SO,. 

Ether. 


Properties,— Pure  ether  is  a  very  volatile,  mobile,  highly 
refracting,  colorless  litiuid,  possessing  a  characteristic  odor  and 
burning  taste.  Sp.  ^t.  0.725  to  0.72S  at  15°  C  (59®  F.).  Ii 
boils  at  37°  C,  (98.6°  F.).  It  is  soluble  iu  10  volumes  of  water. 
and  in  all  pro|x)rtiiins  in  alcohol,  thloroforui,  benzene,  fixed  and 
volatile  oils.  It  is  hi^'hly  iufl.iriimablev  burning  with  a  luminous 
flame:  in  handling  it,  therefore,  care  should  be  taken  not  to 
come  near  a  llau^e.  It  disst.lves  resins,  oils,  and  many  other 
organic  bodies.  It  dissolves  iodine,  bromine,  corrosive  stiblimate, 
sulphur,  antl  phosphorui.  For  anaesthetic  purposes,  it  should  not 
aifcct  blue  litmus;  it  should  leave  no  residue  when  a  quantity  is 
evaporated  on  a  watch  glass,  nor  should  it  leave  a  foreign  odor; 


COMPOUND    ETHERS. 


it  should  boil  in  a  test  tube  when  the  latter  is  held  in  the  hand, 
and  it  should  not  impart  a  blue  color  to  ignited  copi>cr  sulphate 
(absence  of  water).  Iwenty  c.c.  when  shaken  with  an  equal 
volume  of  waler  previously  saturated  with  ether,  should  not  lose 
more  than  .2  c.  c.  in  volume.  A  smali  i|uanLity  of  alcohol,  less 
than  4  per  cent.,  is  not  a  serious  objection. 

It  is  used  in  preparing  spirit  of  ether,  and  spirit  of  compound 
eiher,  or  Hoffman's  anodyne. 

Ether  is  largely  used  in  medicine  as  an  anaesthetic,  and  is  era- 
ployed  by  inhalation,  or,  for  local  aniesthesia,  is  sprayed  upon 
the  part.  When  taken  in  overdoses  it  causes  death.  Patients 
who  have  taken  an  overdose  may  usually  be  resuscitated  by  arti- 
ficial re-ipiration,  or  by  the  use  of  the  induced  current  applied 
upon  the  neck  and  epigastrium.  In  cases  of  death,  the  odor  of 
ether  usually  lingers  upon  the  clothing  and  in  the  lungs  lor 
several  hours. 


COMPOUND  ETHERS,  OR  ESTERS, 

Compound  ethers  correspond  in  structure  with  the  salts  of 
the  lUftals  jjt  which  th,*  metal,  or  compound  radical,  is  replaced 
by  a  hydrocarbon  radical. 

Thus,  sodium  acetate  corresponds  with  ethyl  acetate — 

Na  —  O  —  C,H,0  and  C,H.  —  O  —  C,H,0. 

Sod.  Accuie.  Ethyl  Accutc. 

Compound  ethers  may  be  formed  in  some  cases  by  the  direct 
action  of  the  acid  upon  the  corresponding  alcohol — 


Sulphuric        Kihyl 
Acid.  Alcohol. 


OH  =(C,H.)SO,4-H.O. 
Kihyl  Waier. 

Sulpbaie. 


In  most  coses  it  is  necessary  to  use  some  sul|)huric  acid  to  take 
up  the  water  formed  by  the  reaction,  in  order  to  form  the  ethers, 
and  for  the  same  reason  we  employ  the  solid  salt  of  the  acid  we 
wish  to  combine  with  the  alcohol. 

A  second  method  of  preparing  these  ethers  is  by  first  forming 
a  haloid  eth'^r  with  the  alcohol  radical,  and  causing  a  double 
reaction  between  this  and  a  silver  salt  of  the  acid. 

A«N(\  +  CjHjCI  =  C,IL  _  O  —  NO,  4-  AeCI. 
SHver  Kihyl  Eihyl  Nliwe.  SlFvcr 

Nltnie.        Chloride.  Oiloride. 

All  comjjound  ethers,  when  treated  with  a  strong  alkali,  give 


MEDICAL    CHEMISTRY. 


I 


up  their  acids  to  tlie  alkali,  and  set  free  the  alcohol,  or  hydroxide 
o(  the  hydrocarbon  radical.  This  decomposition  is  termed 
saponification,  by  wliatever  means  it  is  accomplished. 

A  large  numlier  of  these  comiK)unds  arc  known,  btit  a  few 
only  are  met  with  in  medicine. 

Methyl  Nitrate,  CH^NO,,  is  a  colorless  liquid  boiling  at 
66°  C. 

Methyl  Salicylate,  C,H,.CO,H.CH„.  Methyl  Salicylas 
U.  S.  F  ,  ArtiHcial  Oil  of  Wintergreen,  i-,  a  colorless  or 
yellowish  li(|ni<i,  having  ihc  odor  and  taste  of  oil  of  winttrgreen 
((iauUheria),  with  tlie  essential  consiitiient  of  which  it  is  identi- 
cal. U  is  identical  with  the  oil  of  Betula.  Ilssp.gr.  is  1.18310 
1. 185,  and  it  boils  at  219**  to  221°  C.  (426°  to  429.8°  F.).  It  is 
optically  inactive.  It  is  slightly  soluble  in  water,  btit  soluble  in 
alcohol,  glacial  acetic  acid,  railon  disiilphide,  and  the  volatile 
oils.  It  may  be  prei^arcd  by  dislrlling  a  mixture  of  salicylic  acid, 
wocd  alcohol,  and  strong  H,SO^ 

It  is  employed  as  a  Havoring  agent,  and  to  some  extent  in 
medicine. 

Ethyl  Acetate— iEihcr  Accticus  (U.  S  P.)— Acetic 
Ether  (CjHj — O — C,Hj,0) — is  prepared  by  distilling  a  mixture 
of  strong  sulphuric  acid,  alcohol,  and  sodium  acetate. 

C. HjOH  +  Na(C,H,0,),  +  H^O,  ^ 
AIcoIhiI.         Sodium  Acetate. 

CH.CO  —  O  —  Cjilj  -f-  H,0  +  NaHSO,. 

Ethyl  AociAle. 

The  dfEtillate  is  wai^hed  with  a  solution  of  ralciuni  chloride  and 
milk  of  lime,  decanted,  dried  over  calcium  chloride,  and  finally 
redistilled.  Acetic  elher  is  a  colorless,  linapid  litjuid,  boiling  at 
•j6^  C.  (168.8°  F)  and  |os.«eFsing  a  ]ileasant,  truity  odor,  h 
dissolves  in  about  8  parts  of  water,  the  water  becoming  acid 
from  the  decomposition  of  a  part  of  the  ether  into  acetic  acid 
alcohol.  It  is  miscible  with  methjl  and  ethyl  alcohol  with  ether 
in  all  proj  ortions. 

It  is  a  good  solvent  for  the  csseniial  oils,  resins,  morphine,  gun 
cotton,  and  n-ost  other  substances  soluble  in  ether. 

'i  he  refreshing  5mell  of  hock -vinegar  and  some  old  wii  es  is 
dne  TO  the  presence  of  acetic  ether.  The  ether  is  inflamnrable, 
burning  with  a  bluish-yellow  flame  and  acetovis  odor. 

Ethyl  Nitrite,  or  Nitrous  Ether  ^C,H^— O— NO),  is  a 
mobile  liquid,  boiling  at  16.5°  C.  (62°F.).  It  has  a  sp.  gr.  of 
0.947,  and  is  insoluble  in  water,  but  freely  soluble  in  alcohol.    It 


COMPOUND    ETHERS. 


3:7 


is  prepared  by  distilling  a  mixture  of  alcohol,  potassium  nitritCi 
and  itulphuric  acid;  or  by  gradually  heating  a  mixture  of  equal 
pjris  of  alcohol  and  strong  nitric  acid  until  it  begins  to  boil, 
then  removing  the  heal  and  allowing  it  to  distil  slowly. 

aCjHjOH  -f  2KNO,  4-  H,SO,  =  aCjU^NO,  +  K^S(\  -\-  all,0. 

It  is  purified  as  described  above  for  the  other  ethers.    Nitro-ethane 

CjHj — NZZq  is  isomeric  with  the  above  and  differs  in  physical 

properties.  It  boils  at  113"*  C.  (235°  F.),  and  is  more  stable 
than  ethyl  nitrite. 

Spirit  of  Nitrous  Ether — Spiritus  iCtheris  Nitrosi 
(U.  S.  P.) — Sweet  Spirit  of  Nitre — is  a  mixture  of  ethyl 
nitrite,  ethyl  alcohol,  aldehyde,  and  acetic  ether.  It  is  prepared 
by  adding  to  770  grms.  of  sodium  nitrite,  dis^-olved  in  a  liter  of 
water,  550  c.c.  of  alcohol  ;  the  mixture  is  cooled  by  ice  water, 
and  520  grms.  of  HJr?0^,  diluted  with  1000  c.c.  of  water,  added 
slowly  through  a  funnel  tul>e.  The  resulting  ether  is  then  slowly 
distilled  over. 

The  distillate  is  washed  with  ice  water,  to  remove  alcohol,  and 
then  with  a  solution  of  stxiium  carbonate,  and  finidly  dried  with 
potassium  carbonate.  It  is  then  mixed  with  21  timi*s  its  weight 
of  deodorized  alcohol. 

Spirit  of  nitrons  elher  is  a  clear,  mobile,  volatile,  pale  yellow, 
inflammable  liquid,  having  a  fragrant,  ethereal  odor  and  a  sharp, 
burning  taste.  'J'he  sp.  gr.  is  about  0.836  to  0.842  at  15°  C. 
(59**  F.).     It  should  boil  at  about  65*  C.  (149''  F.). 

When  5  c.c.  of  the  liquid  are  jilaced  in  a  nitrometer  with   10 
c.c.  of  a  16  |>er  cent,  solution  of  jKitassium  iodide,  and  then   10 
c.c.  of  a  normal  solution  of  H,SO.  added,  it  should  give  off  not 
less  than  55  ex.  of  N,0,.     (U.  S.  V.  test.) 
F  Ethyl  Sulphates. — There  are  two  sulphates  of  ethyl,  the  one 

L  neutral  and  the  other  acid,  corresponding  to  the  neutral  and  acid 

^B        sul|ih;)tes.     When  H,SO,  acts  upon  an  excess  of  alcohol  we  have 
^^^       the  following  reaction  : 

I  he 

I  su 


C,H.OH  +  H,SO.  -  &!?}?)S0,  +  H,0. 


/ 
Eiliyl  Alcuhol.    Sulphuric    Elhyl-kulphurk 
"  :kl, 


Wjtcr. 


Add. 


Aci 


This  reaction  is  the  first  step  in  the  manufacture  of  ether.  On 
heating  with  alcohol,  this  compound  breaks  up  into  ether  and 
sulphuric  acid. 

Ethyl  Sulphate,  (C,HJ,SO„  is  a  heavy,  oily,  yellow  liquid. 


I  373 

I  prepared  by  mixing  in  a  retort  equal  volumes  of  alcohol  and  sul- 

I  phtiric  acid,  and,  after  24  hours,  distilling  off  the  contents  of  the 

I  retort  at  about  150°  C.  to  160°  C.  (302*  to  320°  F.). 
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9C;HjOH  +  I^SO,  ==  (C,H^),SO,  -f  2H/). 


This  oily  liquid  is  known  as  heavy  oil  of  wine,  ^^''hen 
mixed  with  an  equal  volume  of  ether  it  forms  the  Oleum 
iEtherium  of  the  V.  S.  I'.  It  is  used  in  making  the  corajx)und 
spirit  of  ether.     Spiritus  A^theris  Comp.  (U.  S.  P.). 

/NH,. 

Ethyl  Carbamate  or  Urethane— C.Hj-O-C—  O.  This 
compound  eiher  is  formed  by  acting  upon  ethyl  carbonate  with 
ammonia  at  100°  C.  (212  F.),  Ethyl  carbonate  is  prejjared  by 
treating  silver  carbonate  with  ethyl  iodide — 

2C,nj  H-  Ag,CO.  -  (C,H,)A  =  CO  -f  2AgI. 
(CjHjjjCO,  +  NH.  =  C,Hj  _  O  —  CO  —  NH,  +  HOCjHj. 

Or,  by  the  action  of  urea  nitrate  upon  alcohol  at  a  temperature 
of  120*  to  130*  C.  (248"  to  266"  F.). 


CO(NH,),HNOj 

Urea  Niirnle. 


-f  CjH.OH  =  NH^NO^  +  NHjCO  —  O  —  C,H^. 

Ethyl  Alculiol.  Ajn.  Nilraie.  Ethyl  CarWirul^. 


The  resulting  urethane  is  extracted  with  ether  and  recrystallized. 

Urethanc  occurs  as  odorless,  colorless,  columnar,  or  tabular 
crystals,  with  a  laste  resembling  nitre.  It  melts  at  47°  C. 
(116.6°  F.).  and  distils  at  180°  C.  (356°  F.)-  It  is  readily 
soluble  in  water  and  most  other  media. 

Tests. — Healed  with  H,SO^  it  gives  off  CO^  and  traces  of 
alcohol.  Heated  with  KOH  it  gives  off  ammonia.  If  i  grm.  be 
dissolved  in  10  c.c.  of  water,  and  twogrms.  of  sodium  carbonate 
and  a  few  granules  of  iodine  added,  and  the  mixture  gently 
warmed,  iodoform  separ.ites  on  cooling.  Urethane  is  used  in 
medicine  as  a  hypnotic  in  doses  of  i   to  2  grarnnies. 

Somnal  is  a  solution  of  chloral  and  urclhanc  in  alcohol.  Ethyl 
benzoate,  valerianate,  butyrate,  nitrate,  etc.,  are  prepared  very 
much  in  the  same  way  as  the  above  ethers,  using  the  salts  of  the 
acids  here  indicated  with  alcohol  and  sulphuric  acid. 

Amyl  Acetate  (C^H,,— O — (.\H/>)  is  prepared  by  distilling 
a  mixture  of  amyl  alcohol,  sulphuric  acid,  and  sodium  acetate. 
It  has  a  pleasant,  ethereal  odor. 

It  is  manufactured  on  a  considerable  scale  for  use  as  a  flavoring 
agent  for  confectioners. 

Amyl  Nitrate  (C^H^— O— NO)  is  prepared  by  passing  nit- 
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rogen  irioxide,  N,Oj,,  into  amyl  alcohol.  Ii  is  a  colorless  or 
slightly  yellow  llquiJ,  and  possesses  the  choking  smell  of  amyl 
compounds  generally.  It  l>oiLsat  96°  C.  topg^C.  (205"  to  210°  F.). 
S|>ecific  gravity  .872  to  .874.  Its  vapor,  when  inhaled,  produces 
at  first  a  sense  of  fidness  in  the  head  and  dizziness  ;  llien  r]ushin>; 
of  the  face,  increased  heart  action,  and  lowering  of  the  blood 
pressure  and  temperature.  It  may  conta  n  as  impurities  nitric 
acid,  amyl  nitrate,  amyl  valerianate,  and  hydrocyanic  acid. 

It  is  almost  insokible  in  water,  but  mixes  in  all  proportions  in 
ether  and  aluuhul.  It  is  very  volatile  even  at  low  tem|jeratures, 
and  is  inflammable, 

Ttie  method  of  assaying  amyl  nitrite  is  the  same  as  thai  above 
described  for  ethyl  nitrite;  0.26  grms.  should  yield  about  40C.C. 
of  gas. 

Salol— ^Phenyl  Salicylate,  C^H^ — O — C^H^O,— is  prepared 
by  heating  a  mixture  of  sodium-phenyl.  sodium  salicylate,  and 
phosphorus  oxychloride.     The  reaction  is  as  follows-: 

2C\F1,<>Na  -f-  2C.HjOHCOONa  +  POCI,  = 

Sod.  phenol.  StxJ.  sEilicyUte. 

3NaCI  -f  Nal»0,  +  aC-H/JHCOOC^Hj. 
rbeiiyl  uilicyUic. 

Another  method  is  to  heal  salicylic  acid  in  a  flask  10  from  220°  t&' 
230**  C.  (428°  to  446*^  F.)  in  an  atmoiphereof  inert  ga-;,  as  CO,, 
when  it  loses  water  and  CO,,  and  is  converted  into  salol. 


Saticylic  acid.  Phenyl  calicylale. 

This  ether  is  found  in  the  market  as  a  white,  crystalline  powder, 
almost  insoluble  in  water,  having  a  faint  aromatic  odor  and  a 
slightly  sally  taste.  It  is  soluble  in  ether,  alcohol,  benzene,  and 
fatty  oils.  It  melts  to  a  colorless,  oily  liquid  at  43°  C,  (110^  F.). 
It  is  not  a  very  stable  compound,  and  breaks  up  easily  into  car- 
bolic and  salicylic  acids.  With  fixed  alkalies  it  breaks  up  into 
salicylate  and  an  alkali  phenol.  This  change  takes  place  with 
bile  in  the  duodenum.  It  is  used  in  medicine  as  an  intestinal 
antiseptic,  and  in  the  treatment  of  rlienm.itism. 

Salacetol— Acetol  Salicylate,  (CH,COCH,)CO,C,H/)H. 
is  a  compound  recently  introduced  into  medicine  as  a  snl>3tiimc 
for  salol,  from  which  it  differs  in  having  the  radical  acetol  (C,HjO) 
in  jilace  of  the  phenyl  radical  (C^HJ. 

Salacetol  is  prcjmred  by  heating  together  monochlor -acetone 
and  sodium  salicylate : 


3S0 
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^"•"*  {  COONa  "^  ^HiCOCHjO  _  C,H^  -^  CUO(CH,COCH,)  +  NmCl. 
Sodium  laUcyUie.   Monochlor-acctOM.  Snbcetot 

Srtlacetol  occurs  in  white  shining  leaflets,  melting  at  71°  C 
(160*  F.),  very  slightly  sohible  in  water,  soluble  in  15  parts  of 
cold  alcohol,  in  25  jaris  of  castor  oil,  or  in  ^^o  parts  in  almond 
or  olive  oil.  It  contains  71.1  per  cent,  of  salicylic  acid  in  com- 
bination with  the  absolutely  nontoxic  sul>stance,  acctol,  a  homo- 
logiie  of  leviilose.  Salae  eto]  ni.iy  therefore  be  regarded  as  a 
synthetical  gUicoside.  It  is,  like  salol,  decomjosed  by  alkalies 
into  acetone  and  an  alkaline  salicylate.  ]t  redtices  Fehling*s 
solution. 

It  has  been  used  as  an  intestinal  antiseptic  and  in  rheumatism, 
both  internally  and  by  inunction.  It  may  te  given  in  doses  as 
large  as  2  or  3  grams. 

Salicyl-Acetic  Acid.  C,H.  |  ^OOH^^"'  is  closely  relntcd 

to   salacetol,    although   not   an   ester.      It   is    i)rcpared    by    the 
action  of  monochlor-acetate  of  sodium  upon  de-sodium  salicylate. 

,.  .,    f  ON*       ,    v.^t,  ^,^«         ru  J  OCH.CO.Na  4-  NaCl 


DI'MkL  ullcyUlc    Sodium  monoclklor- 
aceuie. 


Sndtum 
illcyl-accUte. 


The  soditmi  ^alt  is  dissolved  in  water,  and  the  acid  is  set  free 
with  hydrochloric  acid.  The  acid  is  said  to  possess  great  anti- 
septic powerb. 

Salophen— Acetyl-para-amido-phcnyl  Salicylate — 

OH 
C  H  / 

*    *^COO.C,H^NH(C,H,0). 

may  be  regarded  a.ssalol  in  which  an  atom  of  hydrogen  in  the  phe- 
nyl group  has  been  replaced  by  the  uiiivalcnl  group  NHCUCH,. 

Salophen  occurs  in  minute,  white,  crystalline  scales,  almost  en- 
tirely insoluble  in  water,  and  free  from  odor  and  taste.  It  is 
freely  soluble  in  alcohol  and  ether.  'I  he  alcoholic  solution  gives 
a  violet -colored  jirccipitate  with  Fe,Clg,  and  a  dense  white  one 
with  bromine  water.  It  melts  at  187°  C.  (368.6°  F.).  Like 
salnl,  it  splits  up  in  the  body,  and  is  excreted  as  salicyluric  acid, 
and  para-pheniil  ronipounds.     It  is  comparatively  harmless, 

Salol-camphor  is  prejwred  by  fusing  a  mixture  of  3  iwrts 
salol  and  3  parts  canii>hor.  It  is  a  colorless^  oily  liquid,  soluble 
in  ether»  ctilorofortn,  and  oils. 
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Fruit  Kssences. — Many  of  the  compound  ethers  are  found 
in  the  essential  oils  of  i>lants  and  fruits      Salicylic  aldehyde  or 

sal icylous  acid,  C^H^  ]  roH   is  the  essential  oil  of  meadow-sweet, 

and  may  be  prepared  artificially  by  the  oxidation  of   salicin. 


t  OH 


Methyl  salicylate,  C^H^  ^  r^oofH     composes  almost  entirely 

oil  of  wintergrccn  (01.  GanUheriae,  U.  S.  P.)i  and  oil  of  birch 
(Ol.  BetuUe  Volatile.  U.  S.  P.).  This  last  may  be  prepared  arti- 
ficially by  heatinc;  <:hloroform  and  sodium  phenoL 

Artificial  Fruit  Flavors. — These  flavoring  extracts  have 
come  inio  use  extensively  in  recent  years,  and  are  manufactured 
lirgcly  from  various  mixtures  of  compound  ethers,  organic  acids, 
and  glycerin.  The  following  formulie  will  give  some  idea  of  the 
character  of  these  mixtures  :  Pine  Apple  consists  of  chloroform, 
one  i)art  J  aldehyde,  one  part;  ethyl  butyrate,  five  ]>;irts;  amyl 
butyratc,  ten  parts,  and  glycerin,  three  parts.  Strawberry,  of 
eihyl  nitrate,  one  part;  ethyl  acetate,  five  parts;  eth}  1  formate, 
one  part;  ethyl  butyrate,  five  parts;  methyl  salicylate,  one  part; 
amyl  acetate,  three  parts;  amyl  butrate,  two  parts;  glycerin,  two 
parts.  Pear,  of  ethyl  acetate,  five  parts;  amyl  acetate,  ten 
parts;  benzoic  acid,  one  part,  and  glycerin,  leu  [larts. 

The  ethers  are  to  be  dissolved  in  pure  alcohol  (specific  gravity 
.83),  and  the  nimibers  given  indicate  the  quantity  to  be  added  to 
100  parts  of  alcohol  by  measure.  The  mixtures,  when  taken  in 
large  quantities,  produce  deleterious  elTec:ts;  but  as  the  quanti- 
ties actually  used  are  very  small,  ihcy  probably  produce  no  appre- 
ciable effects.  Besides  the  above  mentioned  and  many  other 
'*  fruit  essences,"  these  ethers  are  also  extensively  employed  to 
improve  the  flavor  of  poor  wines,  and  to  fraudulently  imitate 
wines,  brandy,  rum,  whiskies,  etc. 

Ethers  of  Glycerin,  or  Glycerids. — As  glyceryl,  t\U^, 
or  the  radical  of  glycerin,  is  a  trivalent  radical,  it  can  and  usually 
does  unite  with  three  molecules  of  a  monobasic  acid.  The  com- 
pound ethsris  of  glyceryl  and  the  acids  of  the  first  or  paraffin 
series,  compose  most  of  the  natural  fixed  oils  and  fals.  For  this 
reason  the  acids  formed  from  this  series  are  called  collectively 
the  fatty  acids.  The  trinitrate  of  glyceryl  has  already  been  de- 
scribed. The  natural  fixed  oils  and  fats  are  composed  of  mix- 
tures, in  most  cases,  of  two  or  more  of  these  glycerids.  The  prin- 
ci|Ml  glycerids  are  given  below. 
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NATURAL  FATS  AND  FIXED  OILS. 


Name. 


<  kcuirtnce. 


Monofonnin.  C^Uf^i  Ol  I  ),OCI  lO,        Artificial  ester. 

Uifomiiti.  r,H5(OH)tOCnO)j. 

Monoacetin,  CjH(,(OHl,OC,HjU, 

TTiacelin,  C3Uftt<X',l1,0)j, 

Trihulyrin,  (  jII.,^OC\HjOl, 

TTivalerin,  C,ll^(OCatl,0)„ 

Tricaproin,  C,HJOC„H„0)„ 

Tricaprylin,  C,Hj((-»C;Hj,(J|j, 

Tricaprin,  C,Hj(0C,„H„O)„ 

Trilnurin,  C-VUt'  *C„H,,0  V 

Trimyrisun.  CaH6^GC„H„0),. 


Trilinolcin,      <^'3Ha(0C,jH„0^„ 


Triolein, 

TripalmaTin, 
Trislearin. 


butter. 

So  id  excrement  and  dolphin  oiL 
J  Butter,  cocoanut  oil. 
\  Koeces,  cocoanut  oil,  butter. 
Cocoanut  oil,  goat's  milk. 
Cocoanut,  palmnut  and  baybeny  oils. 
Cocoanut  oil.  palm-nut  oil,  nutmeg  but- 
ter, cow's  btiilcr,  and  goo^e  fat. 
Linseed,  i>oppy,  sunflower,  hemp'Seed 

oils. 
OiU(OliTeoil). 
OiU  and  Fats  (Palm  oil). 
Animal  Fats  (Tallow). 


Almost  all  the  fats  and  fixed  oils  are  coinpoimd  ethers  of 
glyceryl,  QH^'".  They  are  found  in  both  the  animal  and  vege- 
table kingdoms.  Some  are  liquid,  while  others  arc  solid.  Some 
oils  remain  permanent  in  the  air.  like  olive  oil^  while  others  oxi- 
dize and  thicken,  like  linseed  and  poppy  oil.  These  laiier  are 
called  siccativet  or  drying  oils.  The  iats  are  insoluble  in  water, 
difficultly  soUihle  in  alcohol,  but  soluble  in  tther.  petroleum 
naphtha,  and  carbon  disulphid.  The  composition  of  natural  oils 
has  been  partially  considered  while  speaking  of  the  fatty  acids. 
So  far  as  known,  no  fat  consists  purely  of  one  sul>stance.  but  of  a 
raixlure  of  oleate,  palniitate,  and  sttanite  of  the  triad  radical, 
glyceryl,  C,H,. 

These  fats  are  decomposed  by  heat ;  acrolein  being  one  of  the 
products. 

Tristcarin,  or  Stearin,  C,Hj(C,^H^O,),,  is  found  in  the 
more  solid  fats.  It  may  be  separated  from  the  other  principles, 
by  melting  tallow  with  tuqjentine,  when  the  stearin  remains  in 
solution,  while  the  olein  and  palmitin  are  precipitated. 

By  adding  water  to  this  liquid,  the  stearin  may  be  separated. 
U   fuses   at    71°  C.  (160°    F,),  and   solidifies  again   at  50°    C. 

Tripalmitin,  Cj,Hj(C„H,,0,\,  is  the  chief  constituent  of  mut- 
ton lal,  lard,  and  human  fat.  It  is  more  soluble  in  alcohol  and 
ether  than  stearin.  It  crvstallizcs  in  fine  needles,  and  its  melting 
point  isat  46°  C.  (115*  F.). 
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Triolein,  C,Hj(CjjH„0^,.  is  ihc  fluid  constituent  of  most  fats 
and  oils.  When  pure,  it  is  a  colorless  fluid,  becoming  yellow  on 
exposure  to  the  air.  It  may  be  obtained  from  olive  oil  by  treat- 
ing it  with  cold  alcohol,  cooling  the  solution  to  o°  C.  (32°  F.) 
to  separate  the  palmitin,  and  adding  water  to  the  alcoholic  solu- 
tion to  precipitate  the  olein.  Olein  is  more  abundant  in  vege- 
table than  in  animal  oils. 

When  treated  with  hot  alkalies  or  superheated  steam,  the  fats 
are  saponified.  Most  fals  decompose  slowly  in  contact  with  air, 
and  become  rancid.  In  the  process  of  digestion  they  are  par- 
tially saponified  and  then  emulsified  ;  /".  r,  broken  up  into 
minme  drops.  The  active  agents  in  this  change  are  the  bile  and 
pancreatic  secretion.  The  cmulsification  and  absorption  of  par- 
tially saponified  fats  takes  place  with  greater  ease  than  with  pure 
fdt  ;  hence,  a  slightly  rancid  oil  is  more  easily  assimilated  than  a 
fresh  one. 

The  sources  of  fat  in  the  human  body  are  :  ist,  the  fat  taken  as 
food;  ad,  the  decomposition  of  proieids;  3d,  the  carboh)drates, 
a  portion  of  which  are  converted  into  fat. 

These  oils  are  termed  '*  fixed*'  to  distinguish  them  from  the 
volatile  or  essential  oils  described  inanothcr  place.  When  rubbed 
upon  paperthey  render  it  translucent,  the  spot  remaining  more  or 
less  permanent.  They  are,  when  pure,  nearly  tasteless  and  odor- 
less, unctuous  to  the  touch,  insoluble,  and  float  upon  water. 
Some  of  them  absorb  oxygen  when  exposed  to  the  air,  and  be- 
come thick  and  gummy.  These  are  called  drying  or  siccative 
oils.  The  fixed  oils  are  usually  obtained  by  pressure  with  or 
without  the  aid  of  heat. 

Olive  oil — oleum  olivs  (U.  S.  P.)— is  a  well-known  oil 
expressed  from  the  fruit  of  the  olive  tree.  It  is  a  yellow  or  green- 
ish-yellow oil,  almost  odorie;*,  and  of  a  bland,  sweetish  taste.  The 
finest  grades  have  a  greenish  tinge,  and  are  prepared  by  submittiug 
the  fruit  to  cold  pres.surc.  Olive  oil  is  Ircquently  aduUerated, 
chiefly  with  poppy  oil.  sesame  oil,  cotton-seed  oil,  and  peanut 
oil.  The  method  of  detection  of  adulterations  will  be  sten  by 
reference  to  the  table  on  p.  391.  The  sp.  gr.  of  olive  oil  is  .915  to 
.918.  It  is  vt-ry  sparingly  soluble  in  alcohol,  but  readily  soluble 
in  ether,  chlorutorm,  or  carbon  disulphide.  When  cooled  to 
about  lo"  G.  ($0°  V.)  it  begins  to  deposit  crystalline  particles, 
and  at  0°  C.  (33®  F. )  it  forms  a  white,  granular  mass. 

Almond  Oil — oleum  amygdalae  expressum  (U.S.  P.) — 
is  a  fixed  oil  expressed  from  bitter  or  sweet  almonds,  a  clear,  pale 
straw-colored,  or  colorless  od,  almost  inodorous  and  having  a 
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mild,  sweet  taste.  The  pure  oil  has  no  odor  of  bitter  almonds, 
Sp.  gr  is  from  .915  to  .920.  It  is  slightly  soluble  in  alcohol, 
and  It  is  readily  soluble  in  ether  and  chloroform.  If  2  c.c.  of 
the  oil  be  shaken  with  i  c.c.  of  fuming  nitric  acid  and  i  c.c.  of 
water,  a  white  or  rcddish-browa  mixture  should  be  formed,  whi 
should  separate,  on  standing  some  hours^  into  a  white,  solid  m< 
and  scarcely  colored  liriuid. 

Earth  nut  or  Peanut  oil— arachis  oil — is  obtained  from 
the  nuLs  of  Arachis  hypo^^ea^  the  oil  being  chiefly  expressed  in 
France.  The  nut  contains  about  45  per  cent,  of  the  oil.  It  is 
of  a  pale  greenish-yellow  color,  of  a  distinctly  nutty  flavor  and 
smell,  and  is  used  very  largely  in  the  adulteration  of  olive  oil 
lard  ail,  and  other  oils. 

Cotton  seed  oil — oleum  goasipii  seminis  {\5,  S.  P.) — \ 
a  fixed  oil  expressed  Iroin  the  seeds  of  Gossipium  hetbaceumy  or 
the  cotton  j^Unt,  and  sul>se(|uently  purified.  It  is  a  pale  yellow 
oil  without  odor,  and  having  a  bland,  nul-likc  taste.  Its  sp.  gr. 
is  0.920  to  0.930.  It  is  1  irgely  employed  as  a  substitute  for,  or 
an  adulterant  of.  olive  oil.  It  is  1  irgely  used  as  a  substitute  for 
lard  in  cooking,  in  the  manufacture  of  butterine  and  soap,  and 
for  adulterating  other  oils. 

Sesame  or  teel  oil — benne  oil — oleum  sesami  (U.  S, 
P.) — ^is  a  fixed  oil  expres.sed  frum  the  seeds  of  Sesamuin  imiicum. 
It  is  a  yellow,  inodorous,  and  bland  oil  resembling  cotton -seed 
oil,  and  used  for  the  same  purposes.  It  is  an  imperfect  drying 
oil,  and  does  not  readily  turn  rancid.  Its  behavior  with  reagents 
will  be  seen  by  reference  to  the  tabic. 

Cod-liver  oil — oleum  morrhuae  (U.  S.  P.) — is  a  fixed  o 
obtained  from  tlve  fresh  livers  of  tlie  cod,  Gadus  morrhua.  I 
is  obtamed  by  i>ressure,  either  with  or  without  the  aid  of  heat 
Several  qualities  of  cod-liver  oil  are  recognized  in  commerce; 
a  pile  oil  of  a  straw-)eUo\v  color,  a  pale  brown  oil  of  inlerior 
quality,  also  used  in  medicine,  and  a  dark  brown  variety  obtained 
by  roughly  boiling  down  the  livers  and  known  as  tanner's  oil. 
When  fresh,  the  best  grades  of  oil  are  almost  colorless  and  limpid, 
with  a  slight  odor  and  taste  and  a  faint  and  reaction.  (In  stand- 
ing, the  fishy  tas*e  and  odor,  as  well  as  the  acid  reaction,  increase. 
Cod-liver  oil  consists  essentially  of  several  glyrerids,  the  chief 
one  being  olein,  with  variable  quantities  of  myristin,  palmitin, 
stearin,  with  small  (inaiitilies  of  cholesterin  and  free  fatty  acids. 
Cod-liver  oil  contains  traces  of  Iodine  and  sometimes  bromioei 
but  the  form  in  which  these  elements  exist  is  unknown.  A  pecu 
liar  acid   called   gaduic  acid,  and   another  substance  call 
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gadium,  and  two  alkaloids,  asselin  and  morrhuin,  have  been 
lound.  Gautier  has  obtained  butylamin,  am^lamin,  hexalamin 
and  hydrodimethyl-pyridin.  To  which  of  these  substances  cod- 
livcr  oil  owes  its  value  as  a  therapeutic  agent,  is  still  a  matter  of 
doubt.  Heycrdahl  claims  that  when  made  from  fresh  livers  and 
wiihout  exposure  to  air,  it  does  not  contain  any  of  tiicse  alkaloids. 
He  finds  that  it  docs  cuniain  two  fatb,  therapin  and  jecolein. 
Therapin.  C,Hj(0C„H^O)j^.  comprises  about  so  per  cent,  of  the 
oil,  while  jecolein.  CjH^(<)t*.^HggO)3,  forms  about  the  same 
amount ;  the  rest  he  has  not  thoroughly  studied.  I'he  prop:'rty 
which  is  probably  the  chief  recommendaiion  for  its  use,  is  ihe 
facility  with  which  it  is  digested  or  assimilated.  This  character- 
istic is  not  due  to  the  traces  of  biliary  couipLHUids,  which  are 
nearly  always  present.  It  m^iy  in  pirt  be  due  to  the  rea.iintss 
with  which  cod-Hver  oil  becomes  lancid  or  sap  jnifies^  as  slightly 
rancid  oils  are  more  easily  cniulsilied  than  neutral  oils,  and  as  it 
very  easily  saponifies,  this  would  favor  its  emulsification  and 
absorption.     Cod-liver  oil  is  seldom  adiiUeiated. 

Linseed  oil — flaxseed  oil — oleum  lini  (U.  S.  P.). — Ii  is 
a  dark-yellow  fixed  oil,  expressed  (roni  ground  lins.^ed  witliout 
the  use  of  heat.  It  has  a  charu  teristir  disagreeable  odor  and 
taste.  Linseed  oil  consists  of  about  80  per  cent,  of  linolein  with 
smaller  quantities  of  olein,  myristin.  and  [>almitin.  Linolein  is 
a  glycend  of  linolcic  acid.  The  drying  property  of  lin-eed  oil 
IS  due  to  the  presence  oi  linolem,  which  absorbs  oxygen  from  tlie 
air  and  is  converted  into  a  gummy  mass  resembling  resin.  The 
varieties  of  linseed  oil  recognized  in  commerce  are  raw,  refined, 
artists',  and  boiled.  The  tendency  of  linseed  oil  to  oxidize  is 
much  increased  by  heating  it  to  a  high  temperature,  while  pass- 
ing a  current  of  air  through  and  over  the  oil,  and  subsequently 
increasing  the  temperature  uniil  the  oil  begins  to  effervesce.  The 
temperature  employed  is  from  130^  C.  (366°  F.)  upward.  This 
process  is  termed  Ijoiling  the  oil.  'J'he  oil  thus  treated  is  called 
boiled  oil.  By  continued  boiling,  the  oil  becomes  very  thick  and 
may  be  drawn  out  into  elastic  threads.  This  process  is  used  in 
the  manufacture  of  printing  ink.  By  adding  litharge,  ferric 
oxide,  or  manganese  oxide  to  the  oil  during  the  boiling  process, 
the  oxidation  and  conr^equent  drying  |jrop>erties  of  the  oil  are 
increased.  The  sidts  of  lead  and  mangane:»e  arc  most  employed 
in  the  manufacture  of  "driers"  for  linseed  oil. 

Castor  Oil — Oleum  Ricini  (LI.  S.  P. ) — is  usually  obtained 

by  the  extraction  of  the  oil  by  the  expression  of  the  seeds  of 

ridnus  communis^  which  contain  nearly  one-half  their  weight  of 
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oil.  If  not  clear,  the  oil  is  treated  with  animal  charcoal  or 
magnesia,  and  filtered.  It  is  a  thick,  viscid,  transj^arent,  color- 
less or  greenish  yellow  liquid,  having  a  faint  odor  and  disagree- 
able taste.  At  a  low  temperature  it  thickens  and  deposits  white 
granules,  and  at  about  — 18°  C.  (—0.4°  F.)  it  solidifies.  Castor 
oil  differs  from  most  other  fixed  oils  by  its  density,  viscosity,  and 
its  ready  solubility  in  alcohol  and  insolubility  in  naphtha.  Its 
sp.  gr.  is  .950  to  .970.  Nitric  acid  attacks  it  energetically,  and 
converts  it  into  suberic  acid.  Ammonia  precipitates  from  it  a 
crystalline  solid.     It  is  used  in  medicine  as  a  laxative. 

Palm  Oil  has  a  reddish-yellow  to  a  brown  color,  and  varies 
in  consistency  from  that  of  soft  lard  to  that  of  tallow.  As  met 
with  in  commerce,  it  is  frequently  contaminated  with  water  and 
solid  im[mrities,  and  is  more  or  less  rancid. 

Cacao  Butter— Oleum  Theobromatis— is  a  fixed  oil  ex- 
pressed from  ilic  seeds  of  Thfobroma  cticao.  It  is  a  yellowish- 
white  solid,  having  a  faint,  agreeable  odor  and  a  bland,  chocolate- 
like laste.  Sp.  gr.  is  from  .970  lo  .980.  It  is  readily  soluble  in 
chloraform  and  ether,  and  is  soluble  in  120  |>arts  of  l>oiling 
absolute  alcohol  or  100  parts  of  cold  alcohol.  It  does  not  easily 
become  rancid.  Its  fusing  |>oint  is  between  30°  and  33°  C. 
(86°  to  ^)\^^  F.).  It  is  a  brittle  solid  at  ordinary  temperatures. 
Croton  Oil  — Oleum  Tiglii — is  expressed  from  the  sced^ 
of  Croton  iigiium.  It  i«  a  pale  yellow  or  brownish-yellow,  some- 
what viscid,  and  slightly  (luorescent  liquid,  having  a  slight  fatly 
odor  and  a  mild,  oily,  afterward  acrid  and  burning  taste. 
Croton  oil  contains,  besides  the  glyoerides  of  oleic,  crotonic,  and 
fatty  acids,  a  peculiar  principle  called  crotonol,  to  which  the  oil 
owes  its  vesicating  |iro|jenies.  When  applied  to  the  skin,  it  pro- 
duces a  pustular  eruption,  and  when  taken  internally  is  a  drastic 
cathartic,  'Mieoil  has  an  acid  rtaciion  to  litmus  paper.  It  is  solu- 
ble in  alcohol,  its  solubility  iacrcasing  with  age.  It  is  very  soluble 
in  ctlicr,  alcoliol,  chloroform,  and  in  the  fi.xed  and  volatile  oils. 

Neat's-Foot  Oil  is  obtained  by  the  action  of  boiling  water 
upon  the  feet  tjf  cattle,  horses,  sheep,  and  other  animals.  It  is  a 
straw-yellow,  odorless,  nearly  tasteless  liquid.  It  is  not  readily 
prone  to  rancidity- 
Lard  Oil — Oleum  Adipis  (U.  S.  P.) — is  extracted  from 
lard  at  a  low  temperature.  It  is  a  light  yellow,  transparent  oil, 
used  in  cooking,  soap  making,  and  in  artificial  butler,  or  butter- 
ine.  Il  is  very  fre<|uently  adulterated,  princJi)ally  with  cotton 
seed  and  other  seed  oils,  rape  oil,  earth,  nut,  etc. 

Tallow  is  the  {ax  of  the  ox  and  sheep,  obtained  by  gentle 
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heat.  It  is  a  white  or  yellowish-white  brittle  solid,  used  largely 
in  the  mmnfacttire  of  soa})  and  cindles.  Tallow  oil,  or  oleo 
oil,  is  obtained  by  expression  with  yenile  heat,  the  more  litjuid 
portion  running  out,  and  the  more  solid  portion  remaining  behind 
in  the  press.  This  oil  is  esi>eciaUy  prejiared  for  the  manufacture 
of  oleomargarine. 

Batter  consisLs  of  a  mixture  of  stearin,  palmitin,  and  olein 
not  soluble  in  water,  and  the  glycerids  of  butyric,  caproic, 
caprylic,  and  capric  acids.  These  last  acids  are  soluble  and 
volatile.  Oleomargarine,  butterine,  suine,  etc.,  are  artificial 
mixtures  of  butter  with  foreign  fats,  made  to  imitate  butter. 

The  principal  foreign  fats  t-mpluyed  are  lard,  beef  oil,  cotton 
seed,  sesaraS,  and  similar  oils.  The  usual  method  of  manufacture 
is  to  melt  the  foreign  faLs,  deoilorize  them,  when  necessiry,  with 
nitric  acid,  then  either  to  mix  them  wi:h  genuine  butter,  or  churn 
them  with  milk.  I'hc  mixture  usually  has  a  meltmg  point  above 
or  below  that  of  genuine  butter. 

Melting  points  of  various  fats; — 


BiUteriDe, 
Cacao  butter, 
Bottcr    overage), 
ficcf  dripping, 
Veal  dripping. 
Lard, 

Mutton  fat, 
Tallow. 


ji.J^C.  (88.5«F.). 
34.9**C.  (94.7«F.). 

^SH°*^-  (96.6°  F.). 
43.8"  C.  (iii.i«F.). 

41°  C.  to  45°  C,  I107.50  10  113°  F. 
50'  C.  to  51"  C.  (i2a*»  to  123.8^  F. 
Si'^C.  (137.4*' F.). 


A  low  melting  point  generally  indicates  butterine,  or  vegetable 
oils,  while  a  high  one  indicates  the  presence  of  animal  fats. 

The  dett'ction  of  foreign  substances  in  butter  is  a  matter  of 
considerable  importance,  owing  to  the  fact  that  certain  countries 
have  laws  profubiting  the  sale  of  artificial  butter,  or  at  least 
restricting  its  sale. 

The  modern  butter  substitutes  are  close  imitations  of  natural 
butter,  and  can  only  be  detected  by  chemical  processes  depend- 
ent upon  the  difference  in  chemical  composition  of  butter  fat 
and  other  animal  or  vegetable  oils.  The  butter  fat  is  saponified 
with  a  solution  of  KOH,  the  soap  thus  produced  is  again  decom- 
[>osed  with  a  mineral  acid,  and  the  fatty  acids  are  separated. 
Stearic,  oleic,  and  palmitic  acids  are  insoltjble  in  water,  while 
butyric  acid  and  certain  others  are  soluble.  Butter  fat  when 
thus  treated  yields  from  5  to  8  per  cent,  of  soluble  acids  and 
from  85.5  to  88.5  per  cent,  of  insoluble  acids.  The  sutn  of  the 
insoluble  and  soluble  fatty  acids  should  always  amount  to  fully 
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94  per  «nf.  of  the  fai  taken.  The  oihcr  fats  and  oils,  when 
laioiiificd  by  this  mtthod.  yield  ncrc  tracts  of  the  vo)aii)e 
soluble  fatty  auclK,  and  Ircm  95.5  to  97.7  per  cent,  of  in^^olubi 
Bcidfl.  Thisc  vatialior.s  arc  taken  advantage  of  for  the  identi 
cation  of  genuine  butter  or  the  detection  ol  mixtures.  In  act 
practitc  2.5  gnus,  of  the  j-urifjcd  butter  fat  is  taken  and  sapo 
fied  with  K(U1,  the  soap  dcLonipo^ed  with  diluted  H,SOj,  a 
the  mixture  Mil  inittrd  to  distillation.  The  soluble  or  volati 
acids  distil  off.  and  arc  estimated  by  titration  with  a  standa 
alkali.  From  the  amount  of  alkali  required  to  neutralize  the 
volatile  acids»  the  quanltty  or  percentage  may  be  calculatfd.  The 
insoluble  aridH  rc-utaiit  behind  in  the  distilling  flask.  If  it  be 
desired  to  do  so,  ihey  may  be  filtered  oiit  and  weighed.  Another 
method  that  is  ^onletimcs  employed  for  the  detection  of  adulter- 
ation in  butler  is  the  amount  of  alkali,  KOH,  required  to 
saponify  a  known  weight  of  butter.  This  is  known  as  its  saponi 
King  equivalent.  Il  is  determined  by  adding  to  a  known  weig 
of  ilic  I  II rifted  hulter  fat  an  excess  of  standard  soltitiou  of  KO 
and  heating  until  saponification  is  complete.  The  excess  of  KOH 
is  then  csiiiiiated  by  a  stnndard  acid,  Ihe  difference  between 
that  added,  and  the  free  alkali  remaining,  gives  that  in  combina- 
tion with  the  fatty  acids  oi  the  Itutter,  or  the  saponif)ing  equiva- 
lent. The  amount  of  alkali  required  for  the  saijonification  of 
butler  is  much  greater  than  that  of  most  other  oils.  Another 
method  which  is  depended  upon  to  distinguish  butter  from  other 
fats  or  oils,  is  the  amount  of  Jodifie  or  bromine  that  a  given 
weight  of  buLler  fat  will  aWoib  under  prescriled  conditions 
l*or  i^articulurs  concerning  these  various  processes  we  must  rei 
the  student  to  sixicial  works  on  the  subject. 

Identiiicalion  of  Fixed  Oils. —  Various  methods  have 
been  devihcd  lor  the  identification  of  fixed  oils  and  fats.  Some 
of  the^e  dejjend  upon  the  ,se[».Traiion  of  the  fat  into  ils  con- 
stituents, and  the  quaniiiali\e  eslimation  of  these  constituents. 
These  prccesses  are  rendered  necessary  because  of  the  extensive 
adulteration  to  which  commercial  oils  and  fats  are  subjected. 
Some  of  these  processes  are  designed  es].ecially  lor  the  detec- 
tion of  the  falsification  of  butter.  Others  are  applicable  only 
to  the  commercial  oils  other  than  butter.  One  of  the  first 
characteristics  of  oil  is  its  sp.  gr.,  which  is  usually  determined 
by  the  use  of  the  sp.  gr.  flask,  the  method  of  using  which  has 
been  described  in  Kin  1.  In  the  hrsi  column  of  the  table, 
]jage  391,  will  be  found  the  sp.  gr.  of  the  principal  oils  theie 
mentioned.       The    liquef>ing  temperature  is   one  characteristic 
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property  of  oils  which  is  made  use  of  for  iheir  identificatioD. 
These  temperatures  are  given  in  the  third  column  of  the  said  table. 
Of  the  chemical  methods  that  are  employed  for  the  ideniificaiion 
of  fixed  olls»  only  the  simpler  ones  can  be  here  described. 

The  rise  of  temperature  which  ensues  on  treating  a  fixed  oil  with 
H,SO^,  is  the  measure  of  the  extent  or  intensity  of  the  chemical 
reaction  between  the  two.  The  rise  of  temperature  has  been 
t;iken  advantage  of  by  Maumene  for  tlie  identification  of  many 
of  tne  fixed  oils.  It  is  found  that  with  a  given  oil  the  rise  is 
fairly  uniform.  The  method  of  applying  the  test  b  as  follows  : 
50  grms.  of  an  oil  are  weighed  into  a  4-oz.  beaker.  The  beaker 
IS  placed  in  a  cotton-wool  nest,  to  prevent  conduction  of  heat. 
The  temperature  is  carefully  observed.  Ten  c.c.  of  concentrated 
sulphuric  acid,  of  the  same  temperature  as  that  of  the  oil,  are  now 
allowed  to  run  into  it  during  the  .^pace  of  about  one  minute, 
the  mixture  being  constantly  stirred  with  the  thermometer  until 
no  further  rise  of  tomperaiure  ensues.  'I'he  rise  of  iem|>eraturc 
may  now  l>e  readily  observed.  In  the  fourth  column  of  the 
table  are  given  the  changes  in  temi)erattire  of  the  various  oils, 
when  the  test  is  carried  out  according  to  directions.* 

With  some  oils,  sulphuric  acid  gives  characteristic  colorations. 
The  next  two  columns  of  the  table  show  the  cflTect  produced  in 
placing  a  drop  or  two  of  sulphuric  acid  in  the  center  of  alx)ut  30 
drops  of  the  oil,  and  observing  the  color  before  and  after  stirring. 
The  colors  produced  by  different  samples  of  the  same  kinds  of  oils 
are  liable  to  some  variations  from  those  indicated  in  the  table. 
Many  of  the  fixed  oils  give  characteristic  color  reactions  with 
nitric  acid  as  well  as  sulphuric  acid.  The  method  of  applying  the 
lest  is  to  agitate  together  from  3  to  5  c.c.  of  the  oil  with  i  c.c.  of 
nitric  acid  of  sp.  gr.  1.32  Heat  the  two  for  five  uiinutes  in  boiling 
water  and  then  take  it  out  and  observe  the  color  of  the  oil  from 
lime  to  time  for  an  hour  and  a  hall".  If  the  acid  be  of  higher  sp. 
gr.,  it  will  be  unnecessary  to  apply  the  heat.  The  colors  given  by 
this  test  are  to  be  found  in  the  last  column  of  the  t;iblc  opi)osite. 

The  elaidin  reaction  is  also  a  characttrristic  test  for  many 
of  the  fixed  oils  It  depends  upon  the  action  of  nitrous  acid 
upon  the  oleic  acid  of  the  oils,  by  which  it  is  changed  into 
elaidic  acid,  which  is  solid  at  ordinary  temperatures.  The  best 
method  of  obtaining  this  reaction  is  with  the  following  solution: 

•  NoTt. — Hchncr  and  Mitchell  have  recenily  proposeti  the  use  of  1  c.c.  of 
bromine,  and  I  c.c.  ol  oil  di»olved  in  10  c.c.  of  cliloroforra.  They  claiiii  t>e(- 
terrMults  with  broioincthan  with  sulphuric  add. — (Analyst,  July,  12(95,  p.  1 46.) 
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c.c.  of  mercury  is  dissolved  in  12  c.c,  of  cold  concentrated 
nitric  acid,  i  c.c.  of  this  freshly  made  suliuion  is  then  shaken 
in  a  wide-mouth  stoppered  bottle  with  25  c  c.  of  the  oil  to  be 
tested,  the  agitation  being  kept  up  at  intervaLi  for  froiu  one  to 
two  hours.  When  treated  in  this  manner  oils  consisting  of  nearly 
pure  olein  give  a  solid  j)radiu  t  of  greater  or  Ie:»s  consistency. 
Olive  oil  is  remarkable  for  the  firmness  of  the  lemon-yellow 
claidin  production.  The  Ijchavior  of  the  more  important  fixed 
oils  when  tested  in  this  manner  is  as  follows :  — 

Elaidin  Test. — liehavior  of  most  important  fixed  oils. 

(</)  A  solid,  hard  mass: 

Olive,  almond,  arachis,  lard,  spenn,  and  sometimes  neatsfoot. 

(/')  A  buttery  consistency  : 

Neatsfoot,  mustard,  sojnetimes  sperm,  arachis  and  rape. 

(r)  A  buttery  mass  separating  from  a  liquid  : 

Rape,  sesam6,  cotton-seed,  cod-liver,  seal,  whale,  and  porpoise. 

((/)  Liquid  products  : 

Linseed,  hempsced,  walnut,  and  other  drying  oils. 

Fat  in  the  Human  Body. — Fats  which  occur  in  the  animal 
body  are  cliicfly  mixtures  ol  triolein,  tripalmitin,  and  iristcirin 
in  varying  projjortions  with  sruall  tjuantiiies  of  tricaproin  and 
trivalerianm.  The  normal  fat  in  each  animal,  or  class  of  animals, 
is  characteristic  in  its  composition.  Thus,  in  the  fat  of  man  and 
the  carnivora,  pahiiitin  is  in  excess  over  the  other  two.  In  the 
fat  of  lierlu'vora,  stearin  predominate^,  and  in  that  of  tishes,  olein. 
The  fat  of  buUer,  as  seen  above,  contains  several  other  glycerids 
in  addition  tu  these  three.  The  fat  that  is  accumulated  in  the 
animal  body  during  fattening  cannot  be  accounted  for  by  the 
fat  given  am  food.  A  Urge  part  of  ii  may  come  from  the  con- 
version of  proteids  and  carbohydrates  into  I'at.  The  manner  in 
which  this  conversion  takes  place  ha»  been  the  subject  of  consid- 
erable dispute.  The  belief  now  is,  however,  (hat  both  ])roteids 
and  carbohydrate*  can  give  rise  to  the  production  of  lat  in  the 
animal  body.  The  totil  amount  of  fat  in  the  human  body  varies 
within  wide  limits,  but  from  3  to  5  per  cent,  may  l>t.'  taken  as  a 
fair  average  It  is  generally  greater  in  women  and  children  than 
in  men.  It  is  generally  greater  in  middle  age  than  during  old 
age,  although  sometimes  this  rule  is  reversed.  The  object  of  the 
storage  of  fat  in  the  human  body,  is  to  ijrovide  a  surplus  of  heat- 
producing  elements  for  periods  of  starvation  and  disease.  It 
also  serves  to  lubricate  the  diflereni  organs,  to  give  rotundity  to 
the  form,  and  to  protect  the  internal  structure  from  sudden 
I         changes  of  temperature,  owing  to  its  non-conductivity  of  heat. 
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The  principal  service  of  fat  in  the  economy  is  as  a  prodiic 
of  heat  and  energy,  by  its  oxidaiion.  In  wasting  diseases  and 
starvation,  the  fats  previously  stored  up  are  rapidly  consun;cd  to 
sustain  the  body.  In  told  climates,  therefore,  more  fats  are  de- 
manded than  in  temperate  or  hot  climates.  When  fat  is  Uken 
in  excess  of  that  needed  l)y  the  body,  it  is  either  discharged  in 
the  fieces,  or  it  is  ahsorhed  and  stored  up  as  fat. 

Soaps. — Stjajjs  arc  metallic  salts  of  the  fatty  acids,  i.  r.,  oleic, 
]);)lmiiic,  and  stearic.  Those  of  potassium,  sodium,  and  animo- 
ninni  are  soluble  in  water  ;  those  ol  the  otlier  metab  are  insoluble. 
Hard  soaps  are  salts  of  the  fatty  acids  with  sodium  ]  soft  soaps 
are  salts  of  potassium.  Soaj>s  are  made  from  almost  any  fat,  but 
the  best  varieties  are  made  (rom  lard,  olive,  peanut,  or  palm  oik. 
Cocoanut  and  palm  oil  soaps  are  much  used  at  sea,  on  account  of 
their  property  of  dissolving  in  salt  water.  Castor  oil  is  exten- 
sively employed  for  making  transparent  toilet  soaps,  and  now 
very  extensively  used  for  soap -making.  Lard  soaps  arc  very 
white,  solid,  inodorous,  and  valuable  lor  toilet  use.  Ordinary 
yellow  soap  is  made  by  saj)onifying  tallow  or  palm  oil  with  soda. 
More  or  less  resin  is  often  added,  but  the  use  of  too  large  a  pro- 
portion renders  the  soap  dark.  The  prinri])al  soaps  of  comnierce 
lontain  either  an  excels  of  iinsapunificd  oil  or  fatty  acid,  on  the 
one  hand,  or  an  excess  of  alkali  on  the  other.  The  alkali  may 
be  either  as  a  carbonate  or  caustic  alkali.  Such  soaps  are  said  to 
be  :jlkaiine  soa]>s.  Small  (juantities  of  foreign  substances  are 
frequently  added  to  soaps,  as  coloring,  i>erfume,  or  medicinal 
agents.  Medicaied  soaps  are  now  sold,  which  contain  a  con- 
siderable proportion  of  medicinal  agents,  such  as  carbolic,  sali- 
cylic, or  cresylic  acids,  thymol,  tar,  sulphur,  ichthyol,  naphtha- 
line, camphor,  etc.  An  excess  of  glycerine  is  sometimes  added, 
which  is  a  valuable  ingredient  in  certain  soaps.  In  the  manu- 
facture of  soap,  the  alkali  is  either  atlded  to  the  fat  previou.sly 
.saponified  with  sujjerheated  steam,  or  to  ihe  free  fatty  acids.  In 
the  first  rase  the  glycerin  is  partially  left  in  the  soap,  in  the  second 
the  glycerin  has  been  removed.  After  the  formation  of  the  soap, 
it  is  sfjiarated  from  the  solution  either  by  cva]>orating  down  and 
allowing  it  to  solidify,  or  by  precipitating  it  from  its  solution 
by  the  addition  of  salt.  The  flaky  precipitate  is  separated, 
melted,  and  cast  into  moulds. 

White  Castile  Soap  — Sapo  (U.  S.  P.) — is  a  soda  soa[i  made 
from  olive  oil.  It  is  strongly  alkaline,  hard,  yet  easily  cut  when 
fresh,  having  a  faint,  peculiar  odor  free  from  rancidity,  and  has  a 
disagreeable  alkaline  taste.  It  is  soluble  in  water  and  in  alcohol, 
more  readilv  with  the  aid  of  hent. 
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Soft  Soap— Green  Soap— Sapo  Viridis  (U.  S.  P.  '80)— 
Sapo  Mollis  (U.  S.  F.  '93) — is  a  potassium  soap  made  from  lin- 
seed oil.  It  is  a  soft,  unctuous  mass  of  a  yellowish-brown  color, 
soluble  in  about  5  parts  of  water  to  a  clear  liquid.  It  is  also 
readily  soluble  in  aUoliol. 

Lead  Soap— Lead  Plaster— Emplastrum  Plumbi  (U. 
S.  P.) — is  a  soap  pre|>.ired  by  saponifying  olive  oil  with  oxide 
of  lead.  It  is  a  yellowish-white,  pliable  or  tenacious,  but  not 
greasy  mass,  gradually  acquiring  a  brownish  color  on  ex^wsure 
to  the  air.  It  is  insoluble  in  water,  but  is  soluble  in  benzene  and 
chloroform.  When  a  solution  of  a  soluble  soa|)  is  added  to  a 
water  containing.;  the  heavier  metals  in  solution,  an  insoluble  soap 
is  usually  produced.  Hard  waters  usually  owe  their  hardness  to 
the  salts  of  calcium  and  magnesium.  'Ihe  soa|  s  produced  in 
this  casj  are  the  insoluble  calcium  and  magnesium  .soaps.  Acids 
decompose  soa|)Sj  liberating  the  fatty  acids  and  forming  other 
salts  with  the  metal. 

ALDEHYDES. 

The  aldehydes  arc  compounds  formed  by  the  oxidation  of  the 
primary  alcohols.  They  differ  from  the  corresj>onding  alcohols 
by  having  two  atoms  of  hydrogen  removed;  thus  ethyl  alcohol 
forms  ethyl  or  acetic  aldehyde  :  — 


ClU 


C^"'    -1-  o 


CH, 


*-- H 


-f-HA 


By  oxidation  aldehydes  yield  the  corresponding  acids  It  will 
be  observed  that,  a*  two  atoms  of  hydrogen  have  been  removed 
without  putting  any  atoms  in  their  places,  aldehydes  are  unsatu- 
rated bodies.  On  this  occount,  they  are  very  liable  to  undergo 
changes  with  reagents.  They  are  especially  prone  to  undergo 
oxidation  to  produce  acids,  and  therefore  act  ;is  strong  reducing 
agents.  They  can  also  lake  up  hydrogen,  when  treated  with 
sodium  amalgam,  and  regenerate  the  alcohol.  They  combine 
with  ammonia  to  farm  aldehyde  ammonias,  and  with  the  acid 

I  sulphites  of  the  alkalies  to  form  cr>'stalline  com[)Ounds.     Alde- 

,  hydes  unite  with  hydroxylamin,   NHjOH,  to  form  oximex  and 

with  hydrazines  to  form  hydrazones.     They  restore  the  red  color 

I  to  magenta  (rosanilin  hydrochlorate)  which  hiis  been  reduced  and 

decolorized  with  sulphurous  acid.  This  is  used  as  a  test  for  alde- 
hydes in  general.     With  chlorine  and  bromine  they  unite  to  form 

I  the  chloride  or  the  bromide  of  the  oxygenated  radical.     With 

^H     HfS  they  form  sulphaldchydcs. 
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I.  iCJIjOll  -f  O,    --  aCjHjOOH. 

2    (',H/)U    -f.  Il,(nii«ccnl)  -  C-UjOH. 

4.  (.',11,011   +  a,  ^  CjH.oci  +  lia. 

5.  CJIjUlI    -I-  H,S  ^  C,H,SH  +  H,0. 

Preparation. — I-ormaldehyde  and  polymers  of  this  com- 
pound (glucose,  etc.)  arc  formed  in  growing  plants.     (See  part  V\) 

a.  The  aldehydes  may  be  formed  artificially  by  partial  oxida- 
tion of  prinmry  alcohols. 

aCjH^OH  -f  O,  ^  2C,H,0H  4-  2H,0. 

3.  They  may  also  be  prepared  by  the  action  of  nascent  hydro- 
gen (sodium  amalgam)  upon  the  chlorides  or  anhydrides  of  the 
corresponding  acids. 


I 


c,iLoa   -f 

Acciyl  chlpfide. 
C,H,0\o 

c:h,o/" 

Acetic  onhydriilc^ 


C' lljOH  +  Ha. 

Acetic  aldehyde. 


H-  aH,  =  aC,H,OH  +  H,0. 

Acetic  aldehyde. 

4.  By  distilling  a  mixture  of  the  calcium  salt  of  the 
ponding  acid  with  calcium  formate. 

4- 


corres- 


Ca(CHO,), 

Calcium  rL»ruiale, 

2C«CO,         -I- 

Oilcium  carbooate. 


C.(C.H.O,),  = 

C'akiuni  bulytale. 

2C,H-OH. 

Butyric  •tliJehyde. 


Formaldehyde,  CH^OH 


*  "»  is  produced  by  the  dry 

disiillation  of  calcium  formate,  or  by  the  oxidation  of  methyl  al- 
cohol. It  is  a  gas  at  ordinary  temperatures,  and  on  standing 
it  is  gradually  polymerized  into  paraformaldehyde,  C,H,0,= 
3(CHjOH),  a  crystalline  solid.  lormaldehydcas  a  40  percent. 
solution  in  water,  has  been  introduced  into  the  market  under  the 
•name  of  formalin.  It  is  used  as  an  antiseptic  and  food  preser- 
vative. 

Acetic  Aldehyde- -Aldehyde,  CjH,0 — is  prepared  on  a 
large  scale  in  the  manufacture  of  alcohol,  when  it  distils  over 
with  the  first  of  the  distillate.  Commercial  alcohol  generally 
contains  traces  of  aldehyde. 

It  may  be  prepared  by  distilling  from  a  retort,  a  mixture  of 
three  jwrts  of  crystals  of  |)otassium  dichromate,  four  ]>art5  of  sul- 
phuric acid,  twelve.  i)arts  of  water,  and  four  parts  of  alcohol. 
The  receiver  must  be  placed  in  a  freezing  mixture.  Manganese 
dioxide  may  be  used  instead  of  the  dichromate. 
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The  impure  aldehyde  thus  obtained  is  treated  with  dry  calcium 
chloride  to  remove  water,  and  then  mixed  with  twice  its  volume 
of  ether,  surrounded  by  a  freezing  mixture,  and  saturated  with 
dry  ainmotiia  gas.  The  crystalline  aldchydc-animonia  thus 
formed,  is  separated  and  distilled  with  diluted  sulphuric  acid 
from  a  flask  or  retort,  connected  with  a  well-cooled  receiver.  It 
may  then  be  freed  from  water  by  standing  over  fused  calcium 
chloride  and  redistilling. 

Aldehyde  is  a  colorless,  transparent,  mobile  liquid,  boiling 
at  21"^  C  169.8°  F.).  It  has  an  acrid,  suflTocatirig  odor,  irritating 
the  eyes.    It  mixes  in  all  proportions  with  water,  alcohol, and.cther. 

It  acts  as  a  strong  reducing  agent.  If  mixed  with  a  solution 
of  ammoniatcd  silver  nitrate,  and  warmed,  the  silver  is  reduced, 
and  deposited  upon  the  glass  in  the  form  of  a  mirror.  It  gives 
the  general  reactions  ol  the  aldehydes.  A  general  test  for  the 
aldehydes  is  their  pro]>erty  of  restoring  the  red  color  of  a  solution 
of  fuchsine  which  hiis  Lieeu  decolorized  with  sulphurous  acid. 

The  vaj)or  of  aldehyde,  when  inhaled,  produces  asphyxia. 
When  taken  internally  it  produces  intoxication.  When  pure  al- 
dehyde is  left  for  some  time  in  contact  with  HCl,  SO,,  COClj,  or 
ZnClj,  it  undergoes  a  change,  forming  two  polymeric  compounds 
known  as  paraldehyde  and  metaldehyde. 

Paraldehyde,    (C,FI,OH),  or    CHr  ^n  ^  ^j^_ 

Paraldehydum,  U.  S.  P.,  is  used  in  medicine  as  a  hypnotic. 
It  is  prepared  by  treating  aldehyde  with  a  very  small  quantity  of 
HCl  or  with  ZnCI,.  The  temperature  of  the  liquid  rises,  and  al- 
most complete  conversion  into  |)araldehyde  takes  place.  Puri- 
fication is  effected  by  freezing  out  and  rectifying.  Paraldehyde 
is  a  clear,  colorless  liquid,  with  an  ethereal  odor,  and  a  burning, 
afterward  cooling,  taste.  Spccitic  gravity,  0.998.  Boils  at  124° 
C.  (255.3°  F.),  and  congeals  to  a  crystalline  mass  at  10°  C  (50° 
F.).  One  |)art  dissolves  in  ten  of  water,  forming  a  neutral  solu- 
tion, miscible  in  all  proportions  with  alcohol  and  ether.  BaCI, 
and  AgNOj  solutions  should  give  no  precipitate  with  it  (absence 
of  sulphates  and  chlorides),  and  it  should  give  no  coloration  after 
two  hours'  contact  with  a  solution  of  KOH  or  NaOH  (absence  of 
aldehyde).      It  may  he  given  in  doses  of  20  to  40  minims. 

Metaldehyde  (CjH^O)^,  is  formed  from  aldehyde  by  H,SOj 
or  HCl  gas  at  a  temijcraiure  l)elow  0°  C.  (32**  F.).  It  is  a  white, 
crystalline  solid,  occurring  in  needles  or  prisms.  When  heated, 
it  sublimes  without  melting  at  ii2°to  115*^  C.  (234*^  to  239°  F.J. 
It  is  insoluble  in  water,  but  soluble  in  hot  alcohol  and  ether. 

It  also  has  l>cen  used  as  a  hy[>nolic. 
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Sulphaldehyde,  C,H^SH.  is  prepared  by  the  action  of  H,S 
upon  aldt'hydc.  It  is  an  oily  liquid  wirh  a  disagreeable  odor. 
When  treated  with  acids  it  polymcrijtes  like  aldehyde,  producing 
a  solid  thio-paraldehyde,  giving  physiological  effects  like  those  ol 
paraldehyde. 

Of  the  large  number  of  aldehydes  known,  a  few  occur  in 
natural  ]iroducts  of  vegetable  origin. 

Benzoic  Aldehyde,  C^H.COH,  occurs  in  oil  of  bitter  al- 
monds. It  is  prepared  in  the  fruit  by  the  decomposition  of  the 
glucoside,  amygdalin,  by  the  ferment  emulsin.  It  is  a 
colorless  or  pale  yellow,  oily  liquid  with  a  characteristic  odor.  It 
is  prepared  artificially  from  toluene. 

Cinnamic  Aldehyde, C,H^COH,  occurs  in  the  oils  of  cinna- 
mon and  cassia.      When  oxidi/.cd  it  gives  cinnamic  acid. 

Salicylic  Aldehyde,  C.HjO.COH,  or  oil  ofspirjea  (meadow 
sweet),  is  prepared  from  sahcin  by  distilling  with  H^SO^  and 
K,Cr,0,. 

Cuminic  Aldehyde  occurs  in  the  oils  of  cumin,  caraway, 
etc. 

Vanillic  Aldehyde,  or  Vanillin,  C,H^O,.COH,  is  extracted 
from  tiie  vinilla  bean  pods.  It  is  now  made  artificially  fronn 
coniferin,  a  glucoside  obtained  from  the  pine  family 

Trichlor-aldehyde,  or  Chloral,  CCl 
in  which  the  three  hydrogen  atoms  ol 
placed  by  the  chlorine  atoms  ;  thus  :  C.H3OH.  CjCl,OH.  It 
is  pre)>ared  by  passing  dry  chlorine  into  absolute  alcohol  until 
it  is  saturated.  The  liquid  sejnrates  into  two  layers.  Tlie  lower 
layer  is  separaied  and  shaken  several  times  with  H^SO^,  and 
finally  distil]e<i  from  the  acid.  It  is  thus  obtained  as  a  color- 
less, oily  liquid,  having  a  jiungent»  irritating  odor  and  a  bitter, 
acrid,  caiistic  taste.  It  fwilsat  94.5°  C.  (202°  F.):  sp.  gr.  1.502. 
It  is  very  solui)le  in  water,  alcohol,  and  ether.  It  dissolves  the 
halogens,  sulphur,  and  phosphorus.  It  answers  to  all  the  general 
tests  of  the  aldchvdcs  mentioned  above.  Oxidizing  agents  con- 
vert it  into  trichlor-acetic  acid,  C.jC"l,OOH.  a  colorless,  crys- 
lalhne  solid,  soluble  in  water,  'frichlor-acetic  acid  has  been 
used  as  a  delicate  test  for  albiuiiin  in  the  urine.  Chloral  is  con- 
verted into  chloroform  and  a  formate  by  the  alkaline  hydroxides. 

CjOjOH  -f-  NaOH  =  NaCHO,  -f    CHCls- 

This  reaction  is  employed  to  prepare  a  very  pure  chloroform  for 
anaisthetic  puriioses.  It  unites  with  water  to  form  chloral 
hydrate.  C,C*I,OH.H,0  (chloral,  U.  S.  I'.),  a  colorless,  trans- 
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parent,  crystalline  solids  having  a  pungent  odor  and  an  acrid 
taste.  It  volaiilizcs  slowly  at  ordinary  temperatures,  fuses  at  57** 
C.  (134.6°  F.).  and  boils  at  98°  C.  (308°  F.).  with  partial 
decomposition  into  water  and  chloral.  Chloral  hydrate  is  readily 
soluhle  in  water.  Under  the  influence  of  sunlight,  potassium 
chlorate  decomposes  chloral  with  violence 

Chloral  combines  with  a  considerable  range  of  organic  sub- 
stances.    When  dissolved  in  alcohol  the  temperature  rises,  and 

chloral  alcoholate  crystallizes  out,  CC1,CH"J:*^  Chloral 

— vj— C,H^. 

liquefies  when  triturated  with  an  equal  weight  of  camphor,  men- 
thol, thymol    or  phenol. 

Action  on  the  Economy. — It  has  been  claimed  that  the 
action  of  chloral  on  the  economy  is  due  to  the  formation  of 
chloroform  and  a  formate^  by  decomposition  after  absorption,  or 
in  the  intestine.     Such  is  probably  not  the  case. 

When  taken  in  an  overdose,  chloral  acts  as  a  poison,  30  grains 
having  proved  fatnl,  although  five  or  six  limes  that  amount  has 
been  taken  by  others  with  no  bad  effect.  The  symptoms  of 
poisoning  by  chloral  are  not  uniform  or  very  characteristic. 
Strychnine  has  been  recommended  as  a  physiological  antidote. 
The  stomach  should  be  emptied,  and  stimulants  given  freely. 
Death  is  likely  to  occur  from  heart  depression. 

Teats. — Chloral  may  be  detected  in  the  contents  of  the 
stomach  by  rendering  them  alkaline  with  KOH,  healing  on  a 
water  bath,  and  conducting  the  va[X)rs  through  a  red-hot  tube, 
and  then  allowing  them  to  bubble  through  a  solution  of  AgNO,. 
If  chloral  is  present  it  decomposes,  giving  off  chlorofonn.  which 
is  decomposed,  in  passing  through  the  hot  tube,  into  HCI  and 
free  chlorine.  The  HCI  gives  a  while  precijutaie  of  AgCl.  The 
same  experiment  without  the  addition  of  KOH,  if  it  gave  posi- 
tive results,  would  prove  the  presence  of  chloroform,  and  not 
chloral,  in  the  contents  of  the  stomach.  If  the  use  of  chloral 
hydrate  l>e  long  continued,  it  induces  a  chloral  habit. 

Croton  Chloral,  or  Butyl-Chloral,  C,H,CI,COH,  beara 
the  same  relation  to  butyl  alcohol  that  chloral  does  to  ethyl 
alcohol. 

c,a,on 

CMoral. 

Trlcbkir  butyl  ^Ulchydc.  or 
CrotMt  chloraL 


C-H5OH 
Elhyl  ftlcohol. 


C-H-OH 

Aldehyde. 


C,H,OH 


Butyl  «l(khyiJe. 


It  is  prepared  by  substituting  aldehyde  for  alcohol  in  the  pre- 
p-iration  of  chloral. 
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It  is  an  oily  liquid  of  pungent  odor,  boiling  at  164*  C.  (327.1** 
F).  It  combines  with  water  to  form  croton  chloral  hydrate, 
a  crystalline  solid,  used  in  medicine  as  a  hypnotic. 

Chloral  combines  with  ammonia  to  form  chloral-ammonia 
_/H 
CCI,     C — OH,  a  while,  crvslalline  powder,  consisting  of  fine 

\NH, 
needles,  fusible  at  62°  to  64"  C.  (143.6°  to  147.2*'  F.),  soluble  in 
water,  and  easily  decomposing  when  in  solution.     It  has  been 
used  as  a  hypnotic  in  doses  of  15  to  30  grains. 

Chloral  shows  a  readiness  to  combine  with  the  compound  am- 
monias, amids,  and  caniphopi.  Chloral-ammonium  (chloral- 
amid),  chloral -formamid.  chloral -imid,  chloral- men- 
thol, chloral-urethan,  and  a  number  of  like  comiX)unds,  or 
mixtures,  have  l)een  introduced  and  advocated  as  remedies  for 
various  purposes.     Most  of  these  are  mentioned  elsewhere. 

Hypnal  is  a  crystailine  body  formed  by  the  action,  at  ordi- 
nary temperatures,  of  chloral  hydrate  upun  antipyrin  in  solution. 
It  is  a  tasteless,  odorless  body,  soluble  in  5  or  6  parts  of  water. 

It  is  used  as  a  hypnotic  and  ano<iyne. 

Chloral-oximes  are  a  class  of  bodies  formed  by  the  reaction 
of  hydroxylamin  with  aldehydes  and  ketones,  and  have  recently 
been  recommended  as  hypnotics.     The  following  chloral-oximes 

have  been  i-repared :  Chloral-acetoximc,  CC1j,COH,.ON|^^; 

Chloral-acetaldoximc.  CH^CH  ^  NOCH  (OH)  CCI, ;  Chlo- 
ral-benzaldoximc,  C^H^CH  ^  NOCH(OH)CCI,;  Chloral- 
Camphoroxime,  C,^,H,^=^  MOCH(OH)CCl,.  Alhhese  oximes 
are  crystalline  compounds  easily  soluble  in  alcohol  and  ether, 
and  are  decomposed  by  hot  water. 

Chloralose  or  Anhydrogluco-chloral,  CjH„C,0,,  is  the 
name  given  to  a  cortipound  formed  by  heating  chloral  and 
glucose  for  one  hour  at  100'^  C.  (212°  F.). 

CCljCOH  4-  C,H„0,  =  CgH^CljO,  -j-  H,0. 

It  forms  fine  colorless  needles,  melting  at  184°  C.  {$^2*^  F.).  It 
is  soluble  in  170  parts  of  water  at  15°  C.  (59°  F.)»  readily 
soluble  in  alcohol  and  ether.  It  has  a  bitter  taste.  It  has  been 
recommended  as  a  substitute  for  chloral,  and  is  claimed  to  be 
free  from  the  mipleasant  after-effects  of  chloral  upon  the  heart. 
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fThe  acetals  are  formed  by  the  union  of  alcohol  with  aldehydes, 
with  the  elimination  of  water,  or  by  the  oxidation  of  the  alcohols, 
when  the  aldehyde  reacts  upon  part  of  the  alcohol. 
Methylal,  CH,^  orH  *  ^^  obtained  by  oxidizing  methyl  alco- 
hol with  sulphuric  acid  and  manganese  dioxide,  distilling  the 
mixture  and  collecting  that  portion  coming  over  between  40*^  C. 
and  50^  C.  (104°  F.  and  122**  F.).  The  product  is  redistilled 
and  freed  from  water  by  standing  in  contact  with  dry  KjCO,. 
The  reaction  is  first  to  oxidi/e  the  methyl  alcohol  to  formalde- 
hyde, which  reacts  upon  more  CH^UH. 

CH,0  -H  2CH,OH  =  C5  och'  +  ^*^- 


Methylal  is  a  colorless,  mobile  liquid,  with  a  penetrating  ethe- 
real odor,  and  boiling  at  42°  C.  (107.6**  F.).  It  is  soluble  in  13 
parts  of  water,  and  in  alcohol,  ether,  fixed  and  volatile  oils.  It 
should  noc  decolorize  potassium  pL'rmanganate  solutions  acidified 
with  sulphuric  acid.  Strong  H^SO^  decomposes  it,  but  alkalies 
do  not. 

It  has  l>een  used  as  a  hypnotic,  and  as  a  cerebral  sedative. 

Acetal,  CHjCH  \oc^H*'^^  formed  when  acetic  aldehyde 
is  heated  with  alcohol  for  some  time, 

CH,  "  COH  4-  aCjHjOH  =  CH,  ~  CH  ^^Ifc  +  "A 

Aldehyde.  AkokoL  Acctal. 


It  is  also  found  in  raw  grain  spirit. 
It  is  a  colorless  liquid  of  agreeable  taste  boiling  at  104**  C. 
(219°  F.). 

KETONES. 

These  bodies  are  the  first  result  of  the  oxidation  of  secondary 
alcohols,  /.  r.,  upon  an  alcohol  that  contains  the  group  C^^ -, 

instead  of  Co_|j.  as  in  the  primary  alcohol. 
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The  ketones  all  contain  the  group  CO.  The  relation  of  these 
bodies  will  be  made  clear  by  the  following  graphic  formulae : — 

H— C-O— H  -f  O  --  C -O  +  H,0.  C=H,  +  O  =  C=H,  +  H,0. 

C^rrHj  0*^X12  Czz'Hj  C^^^Hj 

Isopropyl  Di-methyl  ketone.  Propyl  Propyl 

alcohol.  or  acetone.  alcofioL  aldehyde. 

In  the  nomenclature  of  the  ketones,  the  name  is  made  to  con- 
tain the  names  of  all  the  radicals  attached  to  the  CO"  group. 
Thus,  cthyl-mcthyl-ketone  would  express  the  name  of  the 
following:   CH,-  CH-CO~CH,. 

Ketones  are  distinguished  from  aldehydes  by  their  behavior 
with  reagents. 

Nascent  hydrogen  regenerates  the  secondary  alcohol  with 
ketones,  and  a  primary  alcohol  with  aldehydes.  Oxidation  pro- 
duces wilh  aldehyd<s  the  corresponding  acid,  while  the  oxida- 
tion of  ketones  splits  the  molecules  wilh  the  formation  of  two 
acids. 

I  C— ^"  ^— OH 

C-  o  -h  o,  ^   I  +1 

K^  —     s  Acetic  Formic 

Acetone.  »C'<*-  ac>d- 

Acetone— Acetyl-methylid—Di-methyl  Ketone  (CH,), 

CO — is  formed  by  the  dry  distillation  of  the  acetates,  sugar, 
tartaric  acid,  and  by  a  number  of  other  reactions.  It  is  usually 
obtained  by  the  distillation  of  calcium  acetate. 

aCafCjHjO,),  i-:  2(CH3),CO  +  20800,. 

Calcium  acetate.  Acetone.  Calcium 

carlronate. 

It  may  be  prepared  by  passing  the  vapor  of  a  6o  i>er  cent, 
acetic  acid  through  a  rotating  tubular  still,  containing  pumice 
stone  or  barium  carbonate,  heated  to  a  dull  red  heat  (Squibb), 

2HC,HA  ^  cyi,0  +  CO,  +  ii,o. 

Acetone  is  present  in  very  small  tjuantities  in  normal  urine  and 
blood,  but  in  larger  quantities  in  diabetes  mellitus  and  in  aceton- 
uria.  It  is  a  transparent,  colorless  li(|uid,  having  a  ])cculiar 
ethereal   odor.     It   is  miscible  with  alcohol  and   ether.     It   is 
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miscible  in  water,  but  separates  on  the  nddition  of  salts.  It 
shovxs  ihe  aldehyde  reaction  with  fuchsinc  and  sulphurous  acid. 
It  is  a  good  solvent  for  resins,  fats,  camphor,  gun  cotton,  etc.  It 
is  used  as  a  solvent  in  varnish  manufacture.  Us  specific  gravity  is 
0.7966.  It  boils  at  56°  C.  (132.8**  F.).  Chlorine  or  bromine, 
in  presence  of  alkalies,  convert  it  into  chloroform  or  bronioforra, 
and  is  employed  for  the  preparation  of  chloroform. 

Sulphur  Derivatives  of  the  Hydrocarbons  and  Al- 
cohols.—  As  we  have  seen  in  inorganic  chemistry,  sulphur  can 
replace  oxygen  in  many  t_oni|x)unds,  especially  where  it  acts  as  a 
linking  atom.  Thus  corresponding  to  H^O  we  have  HjS ;  to 
NH.OH.  NH.SH;  to  H.CO,.  R^CS,.  So  in  alcohols  we  may 
have  sulphur  lake  the  place  of  oxygen.  These  compounds  are 
frequently  called  Mercaptans  (mercuro  captum)  from  their  pro- 
perty of  readily  taking  up  mercury.  They  may  be  more  properly 
named  sulpho-alcohols  or  thio-alcohols.  In  the  ethers  and  alde- 
hydes we  may  have  the  same  substitution  of  sulphur  for  oxygen, 
giving  rise  lo  sulphides  of  the  hydrocarbon  radicals  or  sulphalde- 
hydes.  These  compounds,  as.  a  class,  are  generally  ill-smelling 
cumijounds,  and  are  frequently  produced  in  the  putret'active  fer- 
mentation of  organic  substances  containing  sulphur.  The  fol- 
lowing is  a  list  of  some  of  the  more  important  of  this  cl^  of 
compounds :  — 

Sulphides  of  the  Hydrocarbon  Radiouj. 


Diethyl  disutphiae.  (C,H.)^ 


Mcthvl  sulphide.  (OHJ,S 

*Jisuli)tiide,  (CH,)^ 

"       trisiilphiHe,  (<^'Ha),S, 

"        hydrosulphide.  CH,SH 

(mcllivl  mercaptBii) 

Eibyl  hydrosulphide,  t^ll^SH 

(mercap(an) 
Ethyl  ujcysutphide,  (C,ll.|.SO 
Kthyl  fciilphonic  atid,  (-FIjSOjOH 
Diethyl  sulpho*dimethyl-mcibuic,  or  sulphonkl,  (CI{,),C(S0|C|H5}|. 


trisulphidc.y,., ...;,.-, 
"        tetrasulphide,  (r,H4),S, 
"        peniasulphide,  (l.',Hj),^ 

••       dicihyl   oxysulpbide,    (C,- 
H^)jS(lL  (elhyl  sulphone) 
Xanthic  acid.  CJLOCSbH 


Of  these  compounds  but  few  have  sufficient  importance  to  cltim 
our  attention.  Compounds  similar  to  the  foregoing  may  \>e 
formed  by  otfier  ndicals  than  those  here  mentioned. 

Ethyl  Mercaptan,  C,H^SH»  is  prepared  by  distilling  calcium 
sulph-ethylaie  with  potassium  hydro-sulphide. 

(•a(r,HsSO,),     -I-  2KHS  =  CaSO^  -|-  K,SO^  -f-  2(C,nft^H). 

OiJciuiii  tttlpliethyCiie.  Mercupuo. 

Mercaptan  forms  the  upper  layer  of  the  distillate.     Mercaptan 
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has  a  powerful  smell  of  garlic  It  is  a  volatile  liquid ;  sp.  gr. 
0.835.  ^^  burns  with  a  blue  Rame.  It  is  sj^aringly  soluble  ia 
water,  and  dissolves  in  alcohol  and  ether.  It  forms,  with  metallic 
sodium  and  potassium,  sodium  mcrcaplid,  C,HjSNa,  which  is  a 
crystalline  compound  soluble  in  water.  Mercuric  oxide  reacts 
with  mercaptan,  evolving  heat  and  forming  a  crystalline,  inodor- 
ous compound,  mercuric  mercaptid.  When  a  mixture  of 
\.  molecule  of  mercaptan  with  |  molecules  of  an  aldehyde  is 
treated  with  dry  HCl,  a  mcrcaptal  is  produced  which  may  be 
regarded  as  an  acetal  whose  oxygen  is  replaced  by  sulphur.  If 
this  same  reaction  is  produced  with  an  acetone  in  place  of  an 
aldehyde,  a  xnercaptol  is  produced,  which  differs  from  the 
mercaptal  in  that  the  alcoholic  radical  is  substituted  for  the 
remaining  H  atom  of  the  methane.  The  relation  of  these  bodies 
may  be  seen  by  reference  to  the  following  graphic  formulae  ;  — 


CH,X^\OC,H, 

Acctal. 

CH,\«/SO,C,H, 

ch,/^\so.c;h, 

Sulpbonaf. 


CH,/^\SC,!1. 

McrcApul. 

C.H,\«/SO,C,H4 

THooaU 


CH,\-/SC:,H, 

ch,/^\sc;h». 

Mcrcaplol. 

TetroimL 


Ethyl  mercaptol.  (CH,\C(SC,HjX,  is  produced  by  the 
action  of  dry  HCl  upon  a  mixture  ot  acetone  and  mercaptan, 
or  upon  a  mixture  of  sodium-ethyl  thio-sulphate  and  acetone. 
The  litjuid  gradually  becomes  turbid  and  separates  into  two  layers. 
of  which  the  upper  ismercaptol,  the  lower  dilute  HCl.  Mercaptol 
is  a  mobile  liquid  whose  odor  is  not  disagreeable.  It  boils  at  80® 
C.  (i76°F.).  When  mercaptol  is  oxidized  by  potassium  per- 
manganate, it  is  converted  into  sulphonal  or  diethyl  sulphon- 
dimethyl-melhane,  according  to  the  following  equation  ; — 

CH,\c/SC,Hj         -5  _  CH,\p/SO,C,H4 
CH./^\SC,Hj+  ^»  -  CH,/^\SO,C,H,, 
Mercaptol.  Sulphonal  or  dictbyl-«ilphoD> 

dimethyl  mvthapc. 

Sulphonal  is  a  colorless,  inodorous,  practically  tasteless,  crys- 
talline body,  melting  at  125°  C.  (257°  F.)*  ^^  *^  soluble  in  15 
parts  of  Ixiiling  water  and  in  about  450  of  cold.  It  is  freely 
soluble  in  hot  alcohol  and  less  so  in  cold.  Sulphonal  is  a  very 
stable  body,  being  unaffected  by  acids,  aikalies,  oxidizing  agents, 
bromine,  or  chlorine.  Owing  to  its  insolubility  and  stability,  it 
do?s  not  present  many  characteristic  reactions.  Its  solutions  arc 
neutral  to  test  paper,  and  are   unafTecied  by  barium  nitrate  or 
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silver  nitrate.  It  should  burn  away  without  residue  when  ignited 
with  free  access  to  air.  When  sulphonal  is  heated  with  potassium 
cyanide,  the  odor  of  mercaptan  is  evolved,  and  when  the  residue 
is  dissolved  in  water,  a  drop  of  Fe^Cl^  gives  a  red  color  to  the 
solution.  The  urine  of  patients  taking  considerable  doses  of 
sulphonal  assumes  a  ])eculiar  reddish-brown  color,  due  to  the 
presence  of  h3ematoi>orphyrin.  This  substance  is  most  easily 
detected  by  the  spe<:trosco|)C,  Sulphonal  is  used  in  medicine  as 
a  hypnotic,  and  has  become  official  in  the  pharmacopreias  of 
several  European  countries.  By  oxidation  of  ethyl  mercaptan, 
ethyl  sulphonic  acid  is  fonned. 


2C,HjSfI 

Ethyl  mcrcapian. 


H-       30, 


=         2aH,SO,OH. 
Eihyl  sulphooic  acid. 


Sulphonic  acids  may  be  formed  by  acting   directly  upoi 
unsaturated  hydrocarbons  with  sulphuric  acid. 


Sulphunc  BvnxcDc. 

H,So7    -f    QH.CH, 
Toluene. 


C.H5SO,OH     + 

Bcnacne  uil^itiunic 
kcid. 

CjH.CHjSOjOH 

Tuluror  Mtlphoolc 

Kid. 


H,0. 

Wmer. 

+    H,0. 


It  will  be  seen  by  the  above  reactions  that  sulphonic  acids  cor- 
resj:)ond  with  the  sulphites. 
Ortho-phenol  sulphonic  acid—sozoHc  acid— or  aseptol, 

SO  OH      '^  sometimes  employed  as  a  non  fMaisonous, 

non-irritating  antiseptic.  It  occurs  sometimes  in  small,  deli- 
quescent needles,  btit  generally  appears  in  the  form  of  a  heavy,  red 
liquid  of  a  syrupy  consistency.  It  has  an  astringent  taste  and  an 
odor  resembling  that  of  [ihenol.  It  Is  freely  soluble  in  water. 
alcohol,  and  glycerin.  It  has  been  employed  as  an  antiseptic, 
tH>lh  internally  and  externally. 

A  calcium  salt  of  beta-naphthol  sulphonate  has  recently 
been  inirodu*  ed  as  an  antiseptic  under  the  name  of  asaprol, 
Ca((-',aH^SOjOH)j.  It  occurs  in  acicular  crystals,  readily  soluble 
in  water  and  alcohol.  It  has  been  used  internally  in  doses  of 
from  15  to  60  grs. 

Alumnol,  ^9- Naphtol-disulphonate  of  Aluminum, 
(C,oH,^(OH)(SO,),),  Al,,  is  a  colorless  |)owder,  easily  soluble  ia 
water  and  glycerin.     It  darkens  on  ex[)osure  to  nir. 

It  is  prepared  by  healing  j^-naphtoi  with  H,SO,  at  1 10'  C. 
(230*"  F.).     The  resulting  naphtol-disulphonic  acid  is  converted 
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into  the  banum  salt,  and  this  treated  with  aluminum  sulphate  to 
produce  the  aluminum  salt. 

It  is  used  as  an  antiseptic  and  astringent.  Aromatic  sulphonic 
acids  will  be  found  on  page  4,^9. 

Saccharin,  or  benzoil-sulphonic  imid,  C,HjCOSO,NH, 
has  been  introduced  as  a  sweetening  ayent.  Its  sweetening  [)Ower 
is  200  to  300  times  that  of  sugar.  The  substance  is  usually  pre- 
pared from  toluene  sulplionic  acid.  It  is  a  white  powder,  with 
an  intense  sweet  taste  and  a  fine  almond  odor.  It  is  slightly  solu- 
ble in  water,  forming  a  feebly  acid  li(iuid.  It  is  more  soluble  in 
alcohol,  glycerin,  ammonia  water,  or  in  a  solution  of  sodium 
bicarbonate.  Saccharin  has  been  largely  recommended  as  a 
sweetening  agent  for  use  by  dial>etics.  to  avoid  the  use  of  sugar. 
It  has,  however,  proven  unsuitable  for  this  purix)se,  owing  to  its 
disturbing  effects  u{>on  the  digestion.  Owing  to  these  effects, 
also,  its  use  has  lieen  prohibited  by  statute  in  several  European 
countries.  It  is  sometimes  em[iloyed  to  sweeten  wines.  It  is 
sometimes  used  in  pharmacy  to  sweeten  elixirs,  syrups,  etc.,  and 
to  correct  the  taste  of  the  alkaloids  and  bitter  principles. 

Ichthyol  is  a  sodiimi  salt  of  a  complex  sulphonic  acid,  having 
the  em|iiriral  formula  C^^Hj^S^O^t  NH/),.  It  is  obtained  by  the 
distillation  and  purificilion  ol  a  pitch-like  mineral  deposit.  It 
is  a  dark-brown,  pilch-like  mass,  having  a  disagreeable,  tarry 
odor. 

Organo-metaUic  Compounds. — The  hydro<:arl>on  radicals 
can  be  made  to  combine  with  certain  metals.  They  are  usually 
obtained  by  the  action  of  the  iodide  of  an  alcoholic  radical  upon 
the  metallic  element  in  an  atmosphere  of  H.  They  are  sub- 
stances which  have  been  put  to  no  use  in  the  arts  or  in  medicine, 
but  are  of  interest  principally  in  chemical  synthesis.  The  hydro- 
carbon radicals  also  combine  with  ammonia,  phosphine,  arsine, 
and  stibine.  These  compounds  are  similar  to  the  ammonium 
compounds,  which  we  shall  study  later.  They  are  of  no  thera- 
peutic interest. 

The  Nitro  Derivatives  of  the  Hydrocarbons.— These 
arc  colorless  liquids  of  ethereal  odor,  usually  insoluble  in  water. 
They  distil  without  decomposition,  and  sometimes  explode  on 
being  quickly  heated.  They  are  distinguished  from  the  ethers 
bv  not  being  sa[>onificd  and  by  yielding  amins  on  reduction  ;  the 
N  not  being  separated  from  the  hydrocarbon  radical.     Thus: 


Nitro  metlune. 


3H,    :=    CH.NH,    + 

Methyl  amln. 


aHjO. 


KETONES. 


406 


These  nitro-corapounds  may  be  formed  by  treating  the  iodide 
of  the  hydrocarbon  radical  with  silver  nitmte,  or,  in  sonie  cases, 
by  the  direct  action  of  nitric  acid  ufx>n  the  hydrocarbon.  'I'liis 
reaction,  however,  seldon)  takes  place  with  the  paraffins. 

Tlie  constilulioD  of  ihe  nitro  compounds  is  di&linguished  from  the  ethers  In 
not  being  sa|X)nihab]c,  and  from  the  fact  that  tin:  nitrogen  is  not  split  on* 
in  (heir  reduction,  but  remain  bound  to  the  carbon.  Krom  thi^  we  conclude 
that  the  nitrugcu  in  tlitrm  must  be  diiectly  Juincd  lu  the  carbon*  and  not  linked 
(o  It  by  oxygen,  as  in  the  cose  of  nitruus  ethers.     The  graphic  fbnuula  of 

o  ,o 


nitro  methane  must  be  considered  to  be  CH. 


f/ 


■'^xA 


or  Cli, 


■< 


^o 


while 


nitrous  ether  rou*l  be  considered  to  be  CH, — O — N  ^:  O. 

'i'hc  nitro-paraflins  arc  not  »o  numerous  or  important  as  those  of  Che  benzene 
or  aromatic  compounds,  which  will  be  coiusidcred  later. 

Nitrils,  or  Cyanides  of  Hydrocarbon  RadicaU.^H}'drocyanic  add 
yields  two  classes  of  derivatives  by  the  exchange  of  its  It  atom  fur  alcohol 
radicals,  neither  of  which  can  be  grouped  among  the  eiheni,  since  they  do  not 
go  back  into  alcohols  and  hydrocyanic  acid  upon  saponification,  but  decompose 
ill  another  direction.  Thc5e  twoclaascs  of  compounds  are  known  as  nitrils  and 
iso  nitrils.  ' 

The  nitrils  are  eitlier  colorless  li({uids  which  volatilize  without  deconiposiiion, 
or  solids  of  elhrrcal  odoi,  lighter  than  air  and  relatively  stable.  They  boil  at 
about  the  same  temperature  as  the  corresponding  alcohols.  l*hey  ore  formed 
by  heating  the  iodide  of  the  radical  with  potassium  cyanide,  or  by  heating 
potassium  ethyl-sulptialc  with  potassium  cyanide. 


CH,I  +  KCN  =  KI 


KO  1 
C,H,0   (  SO, 

Fotduium  etiiyl 


-f     KCN 
Pi>ui»  Ilium 
cyanide. 


-f-      CH.CN 
Methyl  cyanide. 


CH.CN 

Elhyl 
cyautde. 


+ 


K,SO, 

tul(»hate. 


They  may  also  be  prepared  by  the  dehydration  of  the  am  nonia  salts  of  the 
corresponding  acid,  by  means  of  P^O^, 


c,n,o,Nn4 

acrUitc. 


CH.CN  4-  2H5O 

Mclliyl  cyanide,  vr 

ACDtO-llltlU. 


CjHjONII,  =  CH,(N  +  H,0 

ALcUioid.  Mclbyl  cyanide,  or 

^ueiu  uiiril. 


or  by  distilling  the  amrooniucn  salts  of  mooo4jasic  acids,  which  contam  one 
atom  of  carLxin  more  thnn  the  alculiol  which  would  correspond  to  the  nitril 
dt'iircd.  CjMjO^NIt,  —  rH^CN  j-  2M,0.  As  a  cotiwtjucnce  of  these  modes 
uf  formation,  these  com|X}unds  arc  termed  the  nitrils  of  the  aujmiba!>ic  acids, 
that  is.  CMjCN  h  named  aceto  nitril;  C,HjCN,propio  nitril,  or  ethyl  cyanide. 
When  ihese  cumpounds  are  healed  with  acid»,  alkalies,  or  supcrheatcil  steam, 
they  break  up  into  the  acids  from  which  they  were  originally  prepared,  and 
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anunonia.  Nascent  H  converts  them  into  aminf  (sec  aceto-nitril,  methyl  cya- 
nide). CHjCN  is  prrsenl  in  the  products  of  Ihe  distillation  uf  coal  Lar.  It 
is  a  colorle&s  liquid,  boiling  at  82°  C  (179°  K. ),  is  combustible,  and  mi&cible 
with  water.  '1  he  other  nitriU  of  the  higher  hydrocprbon  ra<licals  arc  only  of 
theoretical  inlcrcsl.     ^_"yallifie^  of  the  other  series  of  hydrocarbons  also  exist. 

Fulminate  of  Mercury  (llgt^N,)0,)  is  obtained  by  warming  alcuhol  with 
nitric  acid  and  mercutic  nitrutc.  It  crystaUixes  in  fine,  silLy  prisms,  which 
explo*Je  with  great  violence  on  being  healed  or  stiuck.  Fulminate  of  silver, 
having  a  similar  composition,  h  even  more  explosive.  These  fulminating  com- 
pounds ore  used  in  the  manufacture  of  percusiiton  caps. 

The  iso-cyanides,  or  iso-nitrits,  or  carbamins,  are  colorless  liquids, 
easily  soluble  in  alcohol  and  ether,  but  slightly  >-uluble,  or  insoluble,  in  water. 
They  have  a  feeble  alkaline  reacliun,  disagreeable  odor,  and  poisonous  proper- 
ties. They  are  prepared  by  heating  the  iodides  of  the  alcohol  radicals  with 
silver  cyanide  instead  of  potassium  cyanide. 


CNAg  H-  C,IV 


Agl  +  C,H,NC 

Ethyl  Mo-cyiuude. 


They  may  alfio  be  formed  by  the  action  of  chloroform  and  an  alcoholic  sotlt- 
tion  of  K(>ll,  upon  the  primary  amins.  The  iso-nitrils  <1ifler  from  the  nitnis 
by  their  behavior  with  water  or  dilute  acids.  Whea  superheated  with  water 
or  with  aculs  in  the  cold,  they  split  up  into  formic  acid  and  an  amin  base. 
They  do  not  decompose  with  alkalies  a.s  nitriU  do.  Aceio  iso  niiril  has  the 
compobitiuii  CH,NC,  while  uccto-iiitril  has  the  compubilion  CH-CN,  /,  ^.,  the 
N  and  trot  the  C  is  tied  to  the  CHj  group  in  the  iso-nitril.  The  iso-nitriU, 
therefore,  are  |>encrally  distinguished  Irom  the  nitrils  by  reversing  the  positions 
of  ihc  C  and  N. 

The  fullowing  graphic  formula::  will  make  this  distinction  clear: — 


CH, 

Accto-nilht. 
CH3 

Fropio-oiiril. 


CH, 


^: 


IsD«cc«»BiUiL 


". 


Iso  propio-nitriL 


In  most  cases  the  cyanides  of  Ihe  hydrocarbon  radicals — nitrils — can  be 
verted  into  acids  by  heating  them  with  KOH,  IICI,  or  with  H,S04,  diluted 
with  its  own  volume  of  water,  thus: — 


CHjCN  4-  aH,0  ^  CH.COOH 


Nil. 


The  relation  of  the  derivatives  of  the  various  substitution  pro- 
ducts of  the  hydrocarbons  may  be  illustrated   by   the   following 
formulae,  derived  from  the   first   two   membt^rs   of   the  paraffin 
cries : — 


r 


Haloid  Ether 


Monohydric    Alco- 
hol. 


Dihydric  Alcohol. 


Etiier  or  Oxide. 


Compound  Ether. 


Methyl  Cbtoride. 

C^HiCl 


Methyl  Alcohol, 

C^HiOH. 


Methyl  Ether,  ^[]»  |o. 


Methyl  Nitrite, 


Aldehyde. 


Ketone  or  Acebooe. 


Acetml. 


Niiril. 


Monobasic  Add. 


Dibasic  Acid. 


Fonnaldehyde.  C^^* 


Metbyl.1,  CH^Hj 


Methyl  Cyuiide, 

C=HiC==N. 


Fonnic  Acid,  C         qj, 
— H 


Ethyl  Qiloride,  C=H,C^i^Cl 


Ethyl  Alcohol,  CHhC=h,OH. 


Ethylene  Glycol  or  GlycoL 
C^Br.CHO,H^ 


Ethyl  Ether,    §h*}o. 


Ethyl  Acetate, 


Ethyl  Aldehyde,  C=h,C^3^ 


Cod  exist  only  with  three  carbon 
atoms. 
Acetone,  C^H^Co     C^H,. 


Aceul. 


Ethyl  Cyanide,  C,H,'Ct^. 


Acetic  Acid,  C    h^C^^^ 


CO.O— H 
Oxalic  Acid,    I 

CO.O— H. 


ORGANIC  ACIDS. 

The  characteristic  feature  ol'  an  organic  acid  molecule  is  that 
it  must  contain  the  carl>oxyl  group — COOH.  The  basicity  of 
(he  acid  will  depend  upon  the  number  of  these  groups  contained  tn 
its  molecule.  The  organic  acids  partake  of  the  general  proi>ertics 
of  the  inorganic  acids.  They  may  be  referred  to  the  water  type, 
and  be  considered  as  one  or  more  molecules  of  water,  in  which 
one-half  the  hydrogen  has  been  replaced  by  an  organic  com- 
pound radical  containing  oxygen — a  negative  radical — while  the 
remaining  hydrogen  remains  as  replaceable  or  basic  hydrogen. 


H— O— H. 


Water. 


H— O— C,H,0 


I'T 


AcctkKld. 


H— O 


C.H.O. 


T  a?  uric  acid. 


As  in  inorganic  acids,  only  those  hydrogen  atoms  which  are 
linked  to  the  radical  by  oxygen  are  replaceable  by  a  metitl  or 
basic  radical.  Organic  acids  mxy  be  formed  by  the  oxidation  of 
primary  alcohols  or  aldehydes.  The  presence  of  an  alkali  favors 
the  formation  of  an  acid  by  oxidation. 

Acids  may  be  monobasic,  dibasic,  tribasic,  etc.,  accord- 
ing as  their  molecules  contain  one.  two,  three,  etc.,  carboxyl 
groups,  ( — COOH).  Acids  may  also  contain  one  or  more  hy- 
droxyl  groui)s,  (^OH),  which  are  not  basic,  because  not  imtne- 
diately  attached  to  or  associated  with  CO,  to  form  the  carboxyl 
group.  The  hydrogen  of  these  hydroxyl  groups  is  called  alco- 
holic hydrogen,  to  distinguish  it  from  the  other  replaceable 
hydrogen,  designated  as  basic.  The  number  of  hydroxyl  groups 
in  a  n\olecule  of  either  an  alcohol  or  an  acid  is  said  to  be  its 
atomicity.  It  is  evident  that  the  atomicity  of  an  acid  may  be 
greater  than  its  basicity,  when  it  is  said  to  be  an  alcohol  acid. 

Lactic  Acid,  (H-0— COCH(OH)CH,=rc,H.O  |  ^[J  Y  is 

a  good  example  of  a  diatomic  and  monobasic  acid. 

The  number  of  organic  acids  known  is  very  large;  only  a  few 
of  the  most  prominent  ones  can,  therefore,  be  mentioned  here. 

Of  the  many  series  of  acids,  the  most  numerous  and  important 
are  those  of  the  acetic  or  Fatty  acid  series,  corresponding  to 
the  m:irsh  gas  series  of  hydrocarbons. 

The  acids  of  this  series  are  obtained  by  the  oxidation  of  the 
corresiX)nding  alcohols  or  aldehydes. 


Alcohol. 

2C,H,OH  -i-  O, 
AUtehyck. 


C,FlaO— O— II  -1-  H,0. 
Acetic  Acid. 

=  2C,H,0— O— H. 

AccUc  acid. 


They  may  also  be  obtained  by  the  action  of  the  alkaline 
hydroxides  upon  the  cyanides  of  the  radical  of  the  next  lower 
alcohol. 

CHjCN  -f  KOH  -j-  HjO  =^  NH,  -f  KC,»aO,- 

A  few  have  been  obtained  by  synthesis  from  carbon  monoxide. 

CO  +  KOH  =  CHO— O— K. 


THE  FATTY  ACIDS,  OR  ALOPHATIC  ACIDS. 

The  following  is  a  list  of  the  principal  members  of  the  fatty 
acid  series,  general  formula  C.Hjo+,COOH.  They  are  all  satur- 
ated acids,  /.  ^,  formed  from  saturated  hydrocarbons. 


MOMATOUIC    ACIDS. 
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Formic  ■cid, 
Acetic  acid, 
Pnipionic  acid, 
Ilutyrif  ncid. 
Valerianic  acid, 
Cnproic  acid, 
(l-.itanthylic  acid. 
Capryllc  acid, 
Telargonic  acid, 
Capric  acid, 
Laurie  acid. 
Myristic  acid, 

Palmitic  add, 

Morgaric  acid, 
Stearic  acid, 
Aracliidic  acid, 
Bcheitic  acid, 
HyiCTiic  acid. 
Ccrotic  aci<l, 
Mcli^ic  acid. 


CH^COOH, 
C,HjC(K.>M. 

CgH,5C(tOH, 
C%lI,.OtOH, 

C„H„CO(JH. 


c„ii„axm. 


C^H^COOH, 


1  Fifuicr. 
POIKT. 

BotUMC 
POIWT. 

OCCURUKCX. 

1 

4°C. 

100°  C. 

Ktrd  ants,  nttdes. 

17°  C. 

-2|0C 

ll8°C. 
1400  C. 

Vinegar. 

Sweat,  oxidation  of  oils. 

-jooc. 

162°  c. 

Rancid  butter. 

-l6°C. 

i85«C. 

Valerian  root. 

-    2°C. 

205°  C. 

Koncid  butter. 

-io°C 

224°  C, 

Oxidnliun  of  castor  oil. 

14°  c 

2J6°C. 

Ranci«l  buiter,  cocoanut  oil. 

I8«C. 

254'' c. 

Geranium  leaves. 

1  30'' c. 

43'*C. 
54"C. 

270°  c. 

•   •   • 

■      •      a 

Butter. 
bay  berries. 

Cocoaout  oil,  nutmeg,  bat- 
ter. 

6400 

Palmitic    acid,    palm    oil, 
animal  fais. 

60°  C. 

Synthesis, 

70°  c 

Most  solid  animol  Tats. 

7S°C 

•      ■      • 

Certain  vegetable  uiU. 

76°  C. 
77°  C. 
80°  C. 

■  •      • 

•      «      » 

■  •     a 

44            tt          t> 

Fat  of  hyxna. 

Beeswax.                         ^ 

,  90°  c. 

•     •     • 

m 

MONATOMIC    ACIDS. 

CnHjnO,  ^  CoH,n  +  iCOOH. 

or  the  large  number  of  acids  in  this  group,  we  shall  nolice 
formic,  acetic,  butyric,  valerianic,  jxilraitic,  oleic,  and  stearic. 

Formic  Acid,  CHO — O— H,  is  a  colorless  liquid,  of  a  very 
acid  reaction  and  sharp,  pungent  odor.  It  boils  at  about  100° 
C.  (212°  F.)  and  solidifies  at  about  0°  C.  (32°  F.).  It  exists 
ready  formed  in  the  red  ant,  stinging  nettle,  and  pine  needles. 
It  acts  as  a  reducing  agent,  reducing  silver  and  mercury  salts 
and  depositing  the  metals.  It  is  used  in  silvering  glass,  to  reduce 
the  silver  which  deposits  uix>n  the  walls  of  the  containing  vessel. 
The  best  method  of  obtaining  it  is  by  heating  lo  altout  100°  to 
110*  C.  (212**  to  230°  F.)  pure  anhydrotis  glycerin  and  dry 
oxalic  acid,  adding  more  oxalic  acid  from  time  to  time,  and 
continuing  the  distillation.  Carbon  monoxide  dissolved  in  ]>otas- 
siuni  h\droxide,  yields  some  potassium  formate. 

Acetic  Acid,  C^H/J — O — H,  occurs  in  the  form  of  acetates, 

35 
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in  some  vegetable  and  anim.il  fluids.  It  is  usually  obtained 
the  tVrmentation  of  saccharine  fluids,  after  they  have  undergone 
the  alcoholic  fermentation,  or  by  the  dry  distillation  of  wood, 
starch,  etc. 

In  distilling  wood,  gases,  methyl  alcohol  (wood  spirit),  acetic 
acid,  water,  creosote,  and  tar  arc  obtained.  The  liquid  portion 
is  distilled  at  a  gentle  heat,  when  the  alcohol  is  separated.  The 
remaining  liquid,  containing  the  acetic  acid,  is  saturated  with 
sodium  carl)onate,  evaporated  to  dryness,  and  heated  to  250**  or 
350*  C.  (482^  to  662°  F  )  to  char  the  tarry  matters.  The  resi- 
due, containing  sodium  acetate,  is  dissolved  in  water,  filtered, 
cvai)oraled  and  allowed  to  crystalline  out.  If  the  free  acid  is 
desired,  the  re-iidue,  after  carbonizing,  is  distilled  with  a  slight 
excess  gf  sulphuric  acid.  This  gives  a  colorless,  strongly  acid, 
sour-smelling  liquid,  which  crystallizes  at  about  17*  C.  (63**  F.) 
and  is  known  as  glacial  acetic  aL'id. 

Acetic  acid,  applied  to  the  skin,  blisters  and  causes  considerable 
pain.  When  not  too  strong  it  acts  as  a  styptic,  it  is  soluble  in 
water,  alcohol  and  ether  in  all  proportions.  It  dissolves  resins, 
aimf>hor,  fibrin^  and  coagulated  albumin.  It  precipitates  mucin, 
and  Is  used  to  separate  this  body  from  its  solutions.  It  is  also 
used,  with  the  aiJ  of  heat,  as  a  test  for  albumin  ;  but  care  is  taken 
not  to  add  too  much,  as  it  dissolves  the  albumin.  Under  the  ac- 
tion of  chlorine,  acetic  acid  furnishes  a  series  of  chlorine  sub- 
stitution compounds,  in  which  the  chlorine  is  substituted  for  the 
hydrogen  of  the  radical ;  thus,  wehave  monochlor-,dichlor-,  and 
Irichlor-acetic  acids. 

C,H,C10jH,  C,Ha,0,H,  and  C,a,0,H. 

The  last  of  these  is  mentioned  elsewhere  as  a  test  for  albumin  in 
urine. 

Vinegar, — This  name  is  given  to  the  mixture  obtained  by 
the  fermentation  of  wine,  cider,  whiskey,  molasses,  infusion  of 
malt,  etc..  under  the  influence  of  the  growth  of  mycoderma 
aceti,  and  should  contain  at  least  four  per  cent,  of  acetic  acid. 

CjHjOH  -f  O,  =  C,H,0— O-H  -j-  H,0. 

Alcoholic  fermentation  always  precedes  the  acetous. 

As  vinegar  always  contains  more  or  less  of  this  ferment,  called 
mother  of  vinegar,  it  is  customary  to  add  some  of  this  fluid  to 
start  the  process.  The  fermentation  lakes  place  slowly,  in  vats 
or  casks,  because  of  the  small  amount  of  surface  presented  to  the 
air.      The  process  is  rendered  very  much  more  rapid  by  allowing 


Ihe  fluid  to  trickle  over  beech-wood  shavings  or  chijis,  placed 
upon  trays  or  in  perforated  barrels,  so  as  lo  expose  a  large  surface 
to  the  air.  After  having  passed  over  the  shavings  four  times,  it 
will  be  found  lo  l>e  [►retly  ihorotighly  acetified.  The  temperature 
should  be  kept  at  al>o[il  25°  C.  (jy^Fj. 

The  vinegar  of  the  market  is  frequently  adulterated  with — i, 
water;  2,  mineral  acids,  especially  sulphuric  ;  3^  metallic  impur- 
ities, as  arsenic,  lead,  zinc,  copper  and  tin;  4,  wood  vinegar; 
5,  organic  substances,  such  as  coloring  matters,  capsicum,  etc. 
The  addition  of  water  can  only  be  detected  by  the  estimation  of 
the  per  cent,  of  acetic  acid. 

The  most  objectionable  adulterant  is  sulphuric  acid.  The 
simplest  method  of  detecting  free  mineral  acids  is  to  evaporate  a 
portion  of  the  vinegar  to  dryness;  heat  tlic  residue  to  dull  red- 
ness for  some  time,  to  convert  the  acetates  of  the  alkaline  metals 
into  carbonates,  which  salts  can  easily  be  detected  by  their  effer- 
vescence with  hydrochloric  arid.  If  any  free  mineral  acid 
existed  in  the  vinegar,  it  would  expel  the  acetic  acid  from  the 
alkali  metals,  and  convert  them  into  inorganic  salts,  which 
remain  unchanged  on  ignition. 

Another  test  for  mineral  acids  is  methyl  violet.  Two  or  three 
drops  of  a  solution  of  this  comiJOimd  (0.1  to  100)  is  added  to 
25  c.c.  of  vinegar.  If  .2  per  cent,  of  any  mineral  acid  be 
present,  the  color  is  blue  j  if  .5  per  cent.,  blue-green;  if  i  per 
cent.,  green. 

A  simple  test  for  sulphuric  acid  is  to  evajxirate  a  |X)rtion  to  dry- 
ness in  a  white  porcelain  dish,  with  a  little  cane  sugar.  Near 
the  end  of  the  process,  the  residue  becomes  black  by  the  charring 
of  the  sugar  by  the  acid.  A  small  quantity  of  sulphuric  acid  is 
sometimes  added  lo  make  the  vinegar  keep.  The  poisonous 
metals  likely  lo  be  found  are  mercury  (^corrosive  sublimate),  cop- 
per, arsenic,  and  lead.  These  metals  may  be  detected  by  saturat- 
ing the  vinegar  wilh  hydric  sulphide,  or  by  separate  tests  for 
each.  Burnt  sugar,  capsicum,  etc..  may  l>e  detected  by  taste  or 
odor  in  the  residue  left  on  eva|K>ration.  The  acetates  are  elimi- 
nated from  the  body  as  carbonates. 

Propionic  Acid,  C,H,C=OOH,  is  a  colorless  licjuid,  boiling 
ai  140^  C,  (384'^  F.)  It  resembles  acetic  acid  in  odor  and 
taste.  Its  salts  are  soluble a*id  crystallizable.  It  is  l>est  prepared 
by  heating  ethyl  cyanide — propio-nitril— with  KOH  until  the 
odor  of  ether  has  disap|jeared,  when  the  propionate  of  potassium 
is  ohtamed.  The  acid  may  be  obtained  l»y  decomposing  this 
salt  with  iljSO,.     The  acid  is  produced  during  the  putrefaction 
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the  destructive  distillation 


of  various  organic  bodies,  and 
wood  and  of  resin. 

Butyric  Acid  ((\H.O.O — H). — This  acid  is  found  with  other 
fatty  acids,  in  butter,  human  ^^mpiration,  fa?ccs,  flesh  juice,  and 
in  some  beetles.  It  exists  in  butter  as  a  glycerid  or  glyceric 
ether.  Pathologically,  it  appears  in  a  free  state  in  urine,  blood, 
and  ovarian  cysts,  and  in  the  sputa  of  gangrene  of  the  lung  and 
bronchiectasis.  It  also  appears  in  the  intestinal  contents,  as  the 
result  of  a  secondary  fermentation  of  saccharine  articles  of  food. 

It  is  l>est  prepared  by  maintaining  at  a  temperature  of  35°  to 
40°  C.  (95*^  to  104^  F.)  a  solution  of  sugar  containing  liuic  or 
chalk,  and  sour  milk  or  rotten  cheese,  A  mixture  of  10  parts  of 
sugar,  I  part  of  cheese  and  10  parts  of  chalk,  answers  very  well. 
Lactate  of  calcium  is  first  produced,  which  afterward  changes, 
under  the  influence  of  the  ferment  of  cheese,  into  butyrate  of 
calcium.  'Ihc  solution  should  remain  alkaline  or  neutral.  Car- 
bon dioxide  and  hydrogen  are  set  free.  When  the  fermentation 
is  finished,  30  or  40  [larts  of  crystallized  sodium  carbonate  are 
added,  and  the  mixture  warmed  and  filtered.  The  filtrate  is 
evaporated  nearly  to  dryness,  and  hydrochloric  or  sulphuric  acid 
added,  which  sets  free  the  butyric  acid  as  an  oily  layer,  which 
may  be  purified  by  distillation.  It  boils  at  162°  C.  (323*  F.). 
It  is  a  colorless  liquid,  wiili  the  characteristic  penetrating  odor  of 
rancid  butter.  It  is  soluble  in  pure  water,  but  separates  if  soluble 
salts  are  added  to  the  solution.  It  is  soluble  in  alcohol,  oils,  and 
ether.     The  butyrates  are  all  soluble  in  water. 

Isobutyric  acid,  an  isomer  of  the  foregoing,  is  obtained  by  the 
oxidation  of  secondary  or  isobutylic  alcohol.  The  following 
graphic  formulae  show  the  constitution  of  these  bodies:— 
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Iftobutyl  alcohol. 


Valeric  or  Valerianic  Acids,  C\H,COOH 


Isobutyric  aciJ 
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possible  isomeric  valerianic  acids,  corresponding  to  the  four  amy! 
alcohols.     Three  are  known. 

Normal  Valerianic  Acid,  CTT^'H^Ch7CH,'CO0H.  occurs 
in  angelica  and  valerian  roots,  and  its  ammonium  salt  is  formed 
by  tlie  putrid  fermentation  of  albuminoid  matters.  It  is  some- 
tmies  found  in  the  urine  and  faeces  in  smallpox,  typhus  fever, 
and  yellow  atrophy  of  the  liver.  It  is  obtained  by  dislilling  the 
powdered  root  with  water,  ll  is  best  prepared  by  the  oxidation 
of  amylic  alcohol.  A  mixture  of  one  t>art  of  amyl  alcohol  and 
four  parts  of  concentrated  sulphuric  acid  is  run  slowly  into  a 
retort  containing  four  parts  of  water  and  five  of  i»otassium  dichro- 
niate.  The  first  product  is  valcraldchyde,  which  distils  over. 
By  elevating  the  besk  of  the  retort  so  as  to  run  the  aldehyde 
back  into  the  oxidising  mixture,  it  is  changed  into  valerianic 
acid.  The  mixture  is  finally  distilled,  the  distillate  neutralized 
with  sodium  carbonate,  evaporated  and  decomposed  with  sul- 
phuric acid. 

Valerianic  acid  is  a  thin,  oily  liquid  boiling  at  175**  C.  (347* 
F,).  and  possessing  a  sour,  old  cheese  odor.  The  most  of  the 
valerianates  are  soluble  in  water,  and,  when  moist,  smell  like  the 
acid. 

Valerianates  of  ammonium,  bismuth,  caffeine,  quinine,  iron, 
and  zinc  are  used  in  medicine. 

Palmitic  Acid,  C,jH„COOH,  is  the  first  of  the  fatty  acids, 
projjcrly  so  called,  which  occurs  in  the  animal  fats  and  forms  true 
?ioai>s  with  the  alkalies.  On  a  large  scale  palmitic  acid  is  made 
from  palm  oil.  The  oil  is  decomi>osed,  in  a  still,  by  superheated 
steam  at  a  temperature  of  about  315**  C.  (599°  F.).  When  the 
condensed  liquid  is  run  out  into  receivers,  it  separates  into  two 
layers,  the  upper  of  which  consists  of  the  free  fatty  acids.  On 
cooling,  palmitic  acid  forms  a  white  cry-^talline  solid,  and  is  used 
for  making  candles.  It  may  also  be  prepared  on  a  smaller  .scale 
by  boiling  palm  oil  with  potassium  carl>onate,  which  converts  it 
I  into  potassium   palmitate  and   oleate.     On  decomi)osing   these 

I  salts  with  dilute  H,SO,,  the  mixture  of  palmitic  and  oleic  acids 

'f  separates.     This  is  washed,  dried,  and  dissolved  in  hot  alcohol, 

'  from  which  the  palmitic  acid  crystallizes,  leaving  the  oleic  acid 

in  solution.  Palmitic  acid  crystallizes  in  needles  which  fuse  at 
62°  C.  (143.6°  K).     It  decomposes  by  distillation,  except  in  the 

L presence  of  water.  Adipocere,  a  wax-like  mass  which  is  some- 
times left  when  animal  bodies  decompose  in  the  earth,  is  a  mix- 
ture of  the  palmttaies  of  calcium,  potassium  and  occasionally 
ammonium.     This  substance  is  formed  especially  in  bodies  buried 
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in  damp  soil,  or  in  bodies  which  remain  in  the  air  some  tii 
alter  death.  It  is  foimd  to  occur  in  mu.icles  in  a  definite  order. 
The  amount  of  adipocere  present  is  a  good  gauge  of  the  time  a 
body  has  been  dc^d.  Fahntlic  acid  is  insoluble  in  water,  and  is 
soluble  in  akohol  an(i  ether 

Stearic  Acid,  C^H^^COOH,  exists  as  a  glycerid  in  all  solid 
animal  fdts,  and  m  many  uiU.  It  may  be  prepared  from  tallow 
by  boiling  it  with  potaisinm  carbonate,  decomiKising  the  result- 
ing soap  with  HCl,  drying,  separating  the  fatty  acids  and  dis- 
solving in  a  large  quantity  of  hot  alcohol.  Afterward,  the  hot 
solution  in  alcohol  is  partly  precipitated  by  a  strong  solution  of 
barium  acetate.  The  precipitate  is  decomposed  with  HCl,  when 
stearic  acid  precipitates.  This  is  collected,  washed,  dried,  and 
recrystallized  from  alcohol.  Stearic  acid  is  a  white,  crystalline 
solid  of  the  same  sp.  gr.  as  water,  fusing  at  69^  C  (156.2'^  F.). 
Stearic  acid  exists  in  fats  as  stearin,  mixed  with  palmitin  and 
olein.  These  glycerids  may  be  saponified  by  superheated  steam. 
Stearic  acid  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether. 
It  burns  with  a  luminous  flame,  and  is  much  employed  in  the 
manufacture  of  candlei  and  soaps.  The  so-called  stearine 
candles  are  a  mixture  of  pilmitic  and  stearic  acids.  Both  pal- 
mitic and  stearic  acids  are  found  in  the  free  state  in  the  intestines 
during  the  digestion  of  fats,  a  portion  of  which  are  decomposed 
by  the  action  of  the  pancreatic  juice,  and  sometimes  found  as 
white  masses  in  the  stools. 

Margaric  Acid,  C,,H„COOH,  is  synthetically  obtained. 
The  substance  formerly  known  by  this  name,  and  supposed  to 
exist  in  natural  fats  under  the  name  of  margarin,  is  a  mixture  of 
palmitic  and  stearic  acids. 

Oleic  Acid— Acidunn  Olcicum  (U.  S.  P.)— C^H^^COOH, 
occurs  as  olein  in  most  fats  and  oils.  It  is  prepared  by  boiling 
olive  oil  with  potassium  carbonate,  decomposing  thesotniion  with 
HCl,  collecting  the  oily  layer  which  separates,  and  heating  it 
with  litharge  to  100^  C.  (ai2°  F.)  fur  some  hours,  when  a  mix- 
ture of  olcate,  palmitate,  and  siearateof  leid  is  formed.  The  oleate 
is  dissolved  out  of  the  mixture  with  ether,  and  the  solution  shaken 
with  HCl  to  precipitate  the  lead.  The  ether  is  then  distilled 
away  and  the  imp-ire  oleic  acid  is  dissolved  in  ammonia  and 
precipitated  by  BaCi,.  The  barium  oleate  is  rec^ystalli^ed 
from  alcohol,  and  finally  decomi)05cd  by  tartaric  acid.  Oleic 
acid  is  a  yellowish  or  brownish-yellow,  oily  liquid,  having 
a  peculiar  lard-like  odor  and  taste,  and  becomes  darkened  on 
exposure   to  the  air.     Sp.  gr.  is  about  .900.     It  is  insoluble  in 
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water,  soluble  in  alcohol,  chloroform,  benzene,  oil  of  tiir]:jentine, 
and  other  fixed  and  vulaiile  oils.  At  about  4^  C.  (39°  F. )  it 
becomes  semi-solid,  and  at  lower  temperatures  a  whitiih,  solid 
mass.  It  cannot  be  distilled  without  decomposition,  except  in 
the  presence  of  steam.  When  heated  to  about  95°  C.  (203^  F.) 
it  begins  to  decompose,  giving  off*  acrid  vapors.  Its  alcoholic 
solution  has  a  faintly  acid  reaction  upon  litmus  paper.  Kqual 
voKimes  of  oleic  acid  and  alcohol  should  give  a  clear  mixture  at 
ordinary  temperatures,  but  if  any  oil  be  present,  it  scfxiratcs  in 
dro|>s.  Oleic  add  is  a  by-product  in  the  manufacture  of  candles. 
The  commercial  acid  absorbs  oxygen  readily  when  exposed  to 
the  air.  By  the  action  of  nitrous  acid,  or  nitrous  fumes,  oleic 
acid  is  converted  into  isomeric  elaidtc  acid,  a  solid  crystalline 
acid,  fusing  at  45°  C.  (113'^  F.).  This  acid  is  formed  in  the 
preparation  of  unguentum  hydrargyri  nitratis  (U,  S.  P.). 
The  nitrous  fumes  given  off  convert  the  oleic  acid  of  the  oil  or 
lard  into  elaidic  acid,  which  exisU  in  the  ointment  in  combi- 
nation with  mercury. 


ACIDS   DERIVED   FROM   GLYCOL. 

The  glycols,   it  will    be  remembered,  are  diatomic   alcohols, 
and  by  oxidation  may  give  rise  to  two  series  of  acids,  thus : 


Ethyl  flycoL 

r— OH 

Elhyl  glycol. 


+  0,= 


+  20,== 


i OH 

^=0 

GlyooUc  acid. 
p— OH 

\OH 

OmbXIc  BCid. 


-fH,0 


-faH.O 


The  other  glycols  can  in  the  same  manner  furnish  both  series 
of  acids,  the  one  diatomic  and  monobasic,  and  known  as  the 
lactic  acid  scries,  and  the  other  dibasic  and  known  as 
the  oxalic  ^or  succinic)  series.  These  glycols  and  acids  are  as 
follows: 
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CLVroi.  SuiiK. 
tthvlclyrnl 

J'ropyl  i^ycoL 


Butyl  glycol. 


CH, 


Lactic  Skrih. 
-COOH 
'»— OH 

Gljrcoljcacid. 

r  u  —COOH 
H"i_OH 

Litt-lic  ttcUl. 

—COOH 
^«"«— OH 
Osybttlyric  «cid. 


OlLALIC  flBitnK. 

co.oa 
t:o.OH 

Osalic  Mid. 

—COOH 
*-"»_COOH 

Mitlunk  airltl. 

P  .    —COOH 
Succinic  jcid. 


DIATOMIC   AND    MONOBASIC    ACIDS. 

But  two  acids  of  this  group  arc  worthy  of  special  mention; 
viz. :  glycolic  and  lactic  acids. 
CH,— O— H 

Glycolic  Acid,    I  is  found  in  unripe  CTapcs,  and 

to— 0— H 
ill  the  green  leavcsof  the  Virginia  creeper.     When  pure,  it  forms 
large,  regular  crystals,  which  deliquesce  in  moist  air,  and  melt  at 
79''C.  (i74°F:). 

Lactic  Acid—Hydroxy-propionic  Acid — Acidum  Lac- 
ticum  {V.  S.  P.). — There  are  at  least  three  isomeric  lactic  acids 
known,  and  a  fourth  has  been  descril>ed.  Their  graphic  for- 
miilte  are : 


CH,.CHOH.COOH. 

EthylidcDfr lactic  acid. 


CH,OH.CH,.COOH. 

Hydrjcryllc  or 
Cttiylcne-lttcttc  add. 

CH, 

In  addition  to  these,  sarcolaciic  acid  is  well-known,  ch.-o-h. 

CO.O-H. 

Lactic  acid  is  the  acid  of  sour  millc  and  sour  cahbage,  and 
is  protiuced  by  a  special  ferment,  the  bacterium  lactis,  or 
lactic  ferment,  It  is  found  in  small  quantities  in  the  gastric 
juice,  urine,  and  intestinal  juices. 

It  is  produced  on  a  large  scale  by  the  lactic  fermentation  of 
cane  sugar  and  ghicose.  Flour  is  first  treated  with  dilute  sul- 
phuric acid,  to  convert  the  starch  into  glucose ;  the  free  acid  is 
then  neutralized  with  milk  of  lime.  To  this  is  then  added  sour 
milk,  and  it  is  allowed  to  ferment ;  care  being  taken  to  stop  the 
process  before  butyric  acid  fermentation  sets  in.  by  heating  the 
mixture  to  boiling.  The  hot  solution  of  calcium  lactate  is  sepa- 
rated by  filtration,  evajwratcd  down,  and  allowed  to  crystallize. 
From  this  salt,  the  acid  may  be  obtained  by  saturation  with  sul- 
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phuric  acid.  It  has  been  prepared  synthetically  by  the  oxidation 
of  propyl  glycol.  A  solution  containing  75  per  ctnt.  of  the  acid 
is  official  in  the  U.  S.  P.  It  is  a  colorless,  syrupy,  odorless,  very 
acid  liquid,  freely  misciblewitli  water,  alcohol,  and  ether.  It  has 
been  used  to  check  lactic  and  butyric  fermentation  in  the  intestinal 
tract,  as  an  excess  of  this  acid  prevents  the  further  growth  of  the 
ferment.  It  has  been  prepared  synthetically  by  heating  alde- 
hyde with  hydrocyanic  acid.  It  is  used  in  the  preparation  of 
syrui)  of  the  lactophosplutes  (V.  S.  P.). 

Ferrous  Lactate,  Ferri  Lactas,  U.  S.  P,,  Fc(C,HPj^),.3- 
H3O. — It  occurs  in  pale,  greenish-white,  odorless,  crystalline 
crusts  or  grains,  permanent  in  the  air,  and  soluble  in  water. 

Strontium  Lactate.  Strontii  Lactas,  U.  S.  P.,  Sr(C.H5- 
03)j.jHj(),  also  used  in  medicine,  occurs  as  a  white,  granular 
powder,  soluble  in  water. 

Sarcolactic  Acid,  or  Paralactic  Acid,  is  isomeric  with 
the  above.  It  has  not  been  prepared  synthetically,  but  is  char- 
acteristic of  muscle  juice,  and  gives  to  muscular  tissue  its  acid 
reaction.  It  occurs  in  the  blood,  especially  after  active  muscular 
exercise.  It  is  found  in  the  urine,  and  in  increased  amount  after 
violent  muscular  exertion,  and  very  strikingly  after  extir|jation 
of  the  liver  in  birds  and  frogs.  It  has  been  found  in  the  fluid  of 
ovarian  cysts,  and  other  pathological  fluids.  It  is  found  in 
extracts  of  beef,  and  may  be  prejured  from  I. lehig's  extract  after 
precipitating  with  alcohol,  acidifying  with  HjS(_)^,  and  shaking 
the  filtrate  with  excess  of  ether,  which  dissolves  it.  On  evaix)r- 
ating  the  ether,  dissolving  the  residue  in  water  and  precipitating 
with  zinc  acetate,  the  zinc  salt  is  obtained.  By  recrystallizing 
this  salt,  suspending  it  in  water,  and  decomposing  with  hydrosul- 
phuric  acid  gas,  the  acid  is  obtained  in  solution.  It  may  be 
separated  by  dissolving  it  out  with  ether.  The  acid  thus  ob- 
tained is  similar  in  most  of  its  physical  and  chemical  properties 
to  ordinary  lactic  acid.  It  is  dextro-rotary,  however,  while  ordi- 
nary lactic  acid  is  optically  inactive. 

Sircolactic  acid  obtained  from  muscular  tissue  is  said  to  con- 
tain another  acid,  known  as  ethylene-lactic  acid,  in  small  quan- 
tities. 

Dead  muscle  has  an  acid  reaction,  which  is  greater  as  rigor 
mortis  appears.  During  life,  the  acidity  increa.ses  with  active 
'contraction,  and  diminishes  with  rest.  The  acid  is  probably 
produced  by  the  decomposition  of  the  muscular  tissue  during  con- 
traction, although  some  have  claimed  that  the  acidity  is  due  to 
acid  phosphates  produced  from  the  phosphates  of  the  tissue  dur- 
36 
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ing  contraction,  -while  others  have  thought  that  the  lactic  acid  is 
due  to  the  transformation  of  the  glycogen  usually  found  in 
muscle. 

Lymphatic,  thymus,  and  thyroid  tissues  are  alkaline  during 
life,  but  become  rapidly  acid  after  death,  from  the  presence  of 
sarcolactic  acid. 

Tests  for  Lactic  Acids. — Both  of  these  acids  give  an 
intense  yellow  rolor  with  avcry  diliiic  solution  of  ferric  chloride. 

If  to  about  lo  c.  c.  of  water  two  drops  of  carbolic  acid  and  a 
drop  of  ferric  chloride  solution  be  added,  and  to  this  violet  solu- 
tion a  mere  trace  of  lactic  acid  be  added,  it  instantly  changes  to 
yellow  (Uffelmajin). 

This  test  will  show  one  part  of  the  acid  in  10,000  parts  of 
water. 

Oxybutyric  Acid  is  found  in  the  urine  of  diabetics,  and  is 
mentioned  in  the  chapter  on  the  urine. 


DIBASIC   ACIDS, 

CO.O-H  

Oxalic  Acid,  L_   „  — h,c,04 — This  important  acid  occurs 

in  many  plants  (Oxalis,  Riimex,  Rheum)  as  acid  calcium  or 
potassium  oxalates.     Calcium  oxalate  is  also  found  in  tlie  urine. 

Oxalic  acid  is  easily  obtained  by  acting  upon  many  organic 
sul>stances  with  oxidizing  agents.  Glycol,  giycolic,  or  acetic 
acids  may  Ije  made  to  yield  it.  It  is  best  prepared  from  (he  car- 
bohydrates (sugar,  starch, etc.),  by  treating  them  with  stron;:^  nitric 
acid,  or  by  fusing  with  caustic  i>otash.  Commercial  oxalic  acid 
is  prepared  by  fusing  sawdust  witli  a  mixture  of  caustic  soda  and 
potash,  and  treating  the  oxalates  thus  formed  with  hydrochloric 
acid.  The  acid  crystallizes  in  colorless  prisms  with  two  mole- 
cules of  water  which  they  lose  at  100°  C.  (212*  P\).  It  is  soluble 
in  eight  parts  of  cold  water,  and  in  alcohol.  On  heating  the  acid, 
it  is  resolved  into  carbon  monoxide,  dioxide,  water  and  formic 
acid.  Strong  oxidizing  agents  convert  it  into  cartwn  dioxide 
and  water.  It  is  a  strong  dibasic  acid,  and  forms  both  acid  and 
neutral  salts  with  most  of  the  metals. 

(Jxalic  acid  easily  oxidizes  into  CO,  and  H,0.  This  may  be 
effected  by  chromic  acid,  potassium  i>ermanganate  in  presence  of 
dilute  H^SO,,  and  even  on  exposure  of  its  watery  solution  to  air 
and  snnliglit.  Dehydrating  agents,  H^SO^,  and  HjPO^,  decona- 
pose  it  into  CO,COj  and  H^O.  Oxalic  acid  resembles  magnesium 
sulphate,  and  has  been  taken  by  mistake  for  this  salt. 
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Oxalic  acid  is  both  a  corrosive  and  systemic  poison.  Death  has 
followed  the  use  of  5J  (4  grms.),  but  persons  have  recovered  after 
takiriji:  much  larger  doses.  Much  will  depend  upon  the  concen- 
tration of  the  poison.  When  the  solid  or  a  strong  solutionis 
taken,  its  local  effect  is  most  marked,  and  death  may  come 
within  half  an  hour.  If  recovery  takes  place,  owing  to  prompt 
treatment,  the  after  effects  will  be  those  of  any  of  ihe  corrosive 
jKjisons,  If  the  acid  is  taken  in  dilute  solution,  the  local  effect 
is  much  less,  or  almost  wanting.  In  such  cases  the  poison  is  ab- 
sorbed, and  acts  as  a  systemic  |K)ison.  Vomiting  and  cramps 
are  usually,  though  not  always,  present.  The  soluble  salts  of 
oxalic  acid  are  almost  as  poisonous  as  the  acid,  but  do  not  have 
the  same  local  corrosive  effect. 

The  treatment  should  be  prompt  and  judicious.  It  is  important 
to  learn,  if  possible,  the  condition  in  which  the  acid  was  swal- 
lowed. If  in  concentrated  solution  or  as  the  solid,  the  stomach 
puiTip,  or  even  the  stomach  tube,  should  not  be  used.  If  taken 
diluted,  and  the  burning  epigastric  pain  is  not  too  severe,  the 
soft  stomach  tube  may  Ije  used  with  care,  washing  the  stomach 
out  thoroughly  with  lime  water,  followed  with  pure  water.  If 
lime  water  is  not  procurable,  milk  of  magnesia  or  a  solution  of 
magnesium  sulphate  (epsom  salts)  may  be  used,  If  it  is  deemed 
uns;ife  to  use  the  itibe,  vomiting  may  be  induced,  and  the  stomach 
washed  out  by  giving  a  lukewarm  mixture  of  equal  quantities  of 
lime  water  and  sink  or  well  water. 

Tests  for  Oxalic  Acid. — Calcium  chloride  gives,  even  in 
very  dilute,  neutral  or  alkaline  solutions,  a  fine,  white,  heavy 
precipitate.  The  precipitate  is  soluble  in  HCl,  but  not  in  acetic 
acid. 

Silver  nitrate  gives  a  white  precipitate,  soluble  in  HNO,  and 
in  NH^OH. 

Lead  acetate  gives,  in  not  too  dilute  solutions,  a  white  precipi- 
tate, soluble  in  HNO,,  but  not  in  acetic. 

It  discharges  the  color  of  K,Mn,Og  in  presence  of  dilute 
H,SO.. 

Succinic  Acid,  c,h,^^ooh — This  acid  is  found  ready  formed 
in  amber  and  some  other  resins,  in  several  plants,  in  the  spleen, 
in  thymus  and  thyroid  glands,  in  hydrocephalic  and  hydrocele 
iiuids.  It  is  obtained  in  small  quantities  in  alcoholic  fermenta- 
tion and  in  the  putrefaction  of  protrids. 

It  may  be  pre|)ared  by  the  spontaneous  fermentation  of  tartaric 
or  malic  acids.  It  is  one  of  the  products  of  alcoholic  fcrmenta- 
tioa  of  sugar,  and  may  be  prepared  by  the  action  of  reducing 
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agents  on  malic  and  tartaric  acids.  It  may  be  obtained  in  quan- 
tity by  the  dry  distillation  of  amber  ;  the  aqueous  portion  of  the 
distillate  is  heated  to  boilings  and  filtered  ;  on  cooling,  crude 
succinic  acid  crystallizes  out.  Succinic  acid  crystallizes  in  mono- 
clinic  prisms,  melting  at  iSo*^  C.  (356**  F.),  and  decomposing 
into  water  and  succinic  anhydride  at  235°  C.  (455°  F.).  It  is 
soluble  in  33  parts  of  cold  water,  and  very  freely  soluble  in  hot 
water.  By  adding  neutral  solution  of  ferric  chloride  to  a  soluble 
succinate,  a  brown,  gelatinous,  ferric  succinate  is  produced  ;  this 
reaction  is  used  a^  a  citialitalive  test  for  the  acid.  The  succinates 
of  the  alkaline  metals  are  soluble  ;  those  of  the  other  meials  arc 
cither  slightly  soluble  or  insoluble. 

There  are  two  isomeric  succinic  acids,  but  iso-succinic  acid  is 
unimportant. 

Dibasic  Acids  Containing  Alcoholic  Hydroxyl. — The 
simplest  acid  of  this  class  must  contain  three  carbon  atoms,  and 
in  that  case  may  be  regarded  as  being  derived  from  the  iriatomic 
alcohol,  glycerin.  By  the  oxidation  of  glycerin  we  may  form 
two  acids,  thus:  — 


4 


C— OH 


C-O-H 

— H 

—OH 


^\0-H 

Glycerin. 


i 


\0-H 

Glyceric 

acid. 


=rO 
— O-H 

Tartronic 

acid. 


rco  O-H 

id— C,H,  \  (J-H  may 

(CO  O-H, 


Malic  Acid -Oxy-succinic  Acid 

be  viewed  as  a  homologue  of  tartronic  acid,  or  as  derived  from 
succinic  acid.  It  occurs  in  many  acid  fruits,  as  cherries,  apples, 
raspberries,  yu<jsel)errits,  rhubarb  (sialics  and  leaves),  unri|>e 
mountain  ash  berries,  unripe  grai)cs  and  quinces.  It  is  l>est  pre- 
pared by  nearly  saturating  the  boiled  and  filtered  juice  of  the 
berries  of  the  mountain  ash  with  milk  of  lime.  On  continued 
boiling,  calcium  malatc,  CaC,H,(  HO)Oj.  H^O,  separates  as  acrys- 
talline  powder,  from  which  the  acid  may  be  obtained  by  treatment 
with  dilute  nitric  acid.  Malic  acid  crystalU/es  in  groujjs  of  small, 
colorlrrss,  deliquescent  crystals.  It  melts  at  100°  C.  (212°  F.),and 
decom()oses  at  150"  C  (302°  K. ),  Putrefactive  ferments  convert 
malic  into  acetic,  succinic,  butyric  and  carbonic  acids. 

There  are  three  isomeric  uialic  acids  possible^  of  which  two  are 
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known.  The  alkaline  nulates  are  soluble ;  other  malates  are 
slightly  soluhleor  insoluble  ;  all  are  crystalline. 

The  malates  are  easily  oxidized,  and  are  converted  into  car- 
bonatt^  in  the  animal  Uxiy. 

Tartaric    Acid  —  Acidum    Tartaricum   (U.    S.    P,)  — 


0  H   H  o 

1  I  i    '. 

^~V   II   **  *  diabasic,  tetratomic  acid. 
o  o  o  o 

H   H    H    H 


(Compare  the  formulae 


of  succinic,  malic,  and  tartaric  acids.)  Four  isomeric  tartaric 
acids  are  known  ;  two  of  which — dextro  and  la:vo-tartaric  acids 
— areoptically  active,  and  two — racemic  and  mesotartaric  atids — 
are  optically  inactive.  Ordinary,  or  dextro-tartaric  acid  is 
found  in  many  fruits,  particularly  in  rii>e  grains,  as  acid  potas- 
sium tartrate  (cream  of  tartar),  which,  during  the  fermenta- 
tion of  the  must,  is  deposited,  mixed  with  yeast,  coloring  matter, 
calcium  tartrate,  etc.,  as  a  brown  crust,  or  deposit,  known  as 
crude  argol.  Tartaric  arid  is  prepared  from  argol  by  first  treat- 
ing with  hot  water,  filtering,  decolorizing  with  animal  charcoal, 
converting  the  acid  potassitmi  tartrate  into  calcium  tartrate  by 
the  addition  of  milk  ol  lime,  then  decomposing  this  with  sul- 
phuric acid.  Tartaric  acid  is  thus  obtained  in  solution,  and 
may  easily  be  separated  by  crystallization,  'lartaric  acid  is 
usiully  made  in  the  same  factories  where  cream  of  tartar  is 
prepared  in  large  quantities.  It  usually  occurs  in  beautiful,  ob- 
lique prisms,  i^rmanent  in  the  air,  soluble  in  one-half  their 
weight  of  water,  or  in  2.5  parts  of  alcohol,  and  insoluble  in  ether. 
When  heated,  it  melts  at  135°  C.  (275°  F.),  and  forms  metatar- 
taric  and  pyrotartaric  acids,  and  tartaric  anhydride  (C^H^O^). 
At  a  higher  temperature  it  decom{>oses,  with  a  burnt  sugar  odor. 

Tartaric  acid  has  a  strong,  acid  taste.  It  preclpitaies  calcium 
in  neutral  or  alkaline  solutions,  but  not  in  strong  acid  solutions. 
Ammonium  salts  prevent  this  precipitation.  Heated  with  hydriodic 
acid  and  phosphorus,  tartaric  is  firet  changed  into  malic,  and 
then  into  succinic  acid. 

The  princii)al  tartrates  are  the  neutral  and  acid  potassium  tar- 
trates, sudio-[x)tassium  tartrate  (Rochelle  Salt)  and  tartar 
emetic,  or  antimonyl  [)otasstum  tartrate,  all  of  which  are  men- 
tioned in  another  place.  Ferro  potassium  tartrate  and  fi-rro- 
amniunium  tartrate  are  also  used  in  medicine.  They  l>oth  belong 
to  the  class  of  sulistances  known  as  acale  compounds  ;  /.  ^., 
com[X)unds  which  do  not  crystalline  readily,  and  are  prepared  by 
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Spreading  the  material,  evaported  to  a  syrup,  upon  plates  of  glass 
to  dry»  and  then  scraping  tjff  the  thin  scales.  I'he  above-men- 
tioned compounds  occur  la  the  form  of  garnet-red  scales,  slightly 
deliquescent,  very  sulul>le  in  water,  but  insoluble  in  alcohol. 
Tartaric  arid  is  used  in  making  effervescing  drinks,  in  calico 
printing,  and  by  confectioners,  to  prevent  the  crystaUization  of 
the  sugar.  When  taken  in  too  large  quantities,  it  acts  as  an  irri- 
tant poison.     One  ounce  has  caused  death. 

When  taken  in  not  loo  great  quantity,  its  salts  are  oxidized  to 
carbonic  acid,  but  if  taken  in  very  large  quantity  it  may  escape 
complete  destruction,  and  may  appear  in  the  urine  and  perspira- 
tion. It  is,  therefore,  not  so  easily  oxidized  as  malic,  succinic, 
and  some  other  organic  acids. 


TRIBASIC 
Acid  —  Acidum 


ACIDS. 
Citricum 


(U.    S.   P.)  — 


Citric 

CHjCO.OH 

dH.co.0H=c:iH,04(OH)«.— This  acid  occurs  in  the  juice  of  lemons, 

CH.(OH)CO.OH 

currants,  gooseberries,  beet  roots  and  other  plants.  It  is  manu- 
factured on  a  large  scale  from  lemon  juice,  which  is  clarified  by 
boiling  it  with  albumin,  and  then  saturated,  while  hot,  with  pow- 
dered chalk  or  milk  of  lime.  The  precipitated  calcium  citrate  is 
decomposed  by  an  equivalent  quantity  of  sulphuric  acid,  and  fil- 
tered from  the  resulting  gypsum.  On  eyaporating  the  filtrate, 
the  acid  crystallizes  out  in  large,  transparent,  rhombic  prisms,  hav- 
ing an  agreeable,  sour  taste,  and  containing  one  molecule  of 
■water  of  crystallization.  The  acid  melts  between  135°  and  152® 
C.  (275°  and  305  6°  F.),  and  is  readily  soluble  in  water  and  alco- 
hol. At  175"  C.  (347*  F.),  the  acid  loses  water,  and  is  converted 
into  aconitic  acid,  C.H,0,(OH),. 

Solutions  of  citric  acid  soon  develop  mould,  and  are  thereby 
decomposed.  Citric  acid  forms  three  classes  of  well-defined  salts 
with  the  metals.  Citrates  of  the  alkaline  metals  are  soluble  in 
water.  The  citrates  are  decomposed  into  carbonates  in  the  body, 
and.  in  case  of  the  citrates  of  the  alkalies,  are  eliminated  by  the 
kidneys  as  carbonates;  hence,  these  citrates  are  frefjuently  pre- 
scribed in  acid  conditions  of  the  urine.  Citric  acid  is  not  known 
to  exert  any  injurious  action  upon  the  economy,  even  in  con- 
siderable quantities. 

Citrates  of  bismuth,  iron,  iron  and  ammonium,  iron  and  qui- 
nine, iron  and  strychnine,  lithium,  potassium^  bisamih  and  am- 
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monium^  solution  of  magnesium  citrate,  and  syrup  of  citric  acid 
arc  official.  When  bailed  with  excess  of  lime  water,  citric  acid 
precipitates  basic  calcium  citrate.  This  distinguishes  it  from 
oxalic  and  tartaric  acids. 

Meconic  Acid,  C.OH{CO.OH),,  is  found  in  opium,  in 
combination  with  the  alkaloids.  It  may  be  prepared  by  dissolv- 
ing in  hot  water  neutralizing  with  CaCO,  and  then  precipitating 
with  CaClj.  The  precipitate  may  be  dissolved  in  hot  dilute  HCl 
and  the  acid  crystallized  cut.  The  acid  occurs  in  crystalline 
plates,  dissolving  rather  sparingly  in  cold,  but  easily  in  hot 
water  and  alcohol.  Ether  dissolves  it  but  sparingly.  It  has  an 
astringent  taste.  SoUuions  of  meconic  acid  give  a  blood-red 
color  with  ferric  chloride,  which  ts  not  discharged  by  HgCl,,  or 
dilute  acids,  but  is  discharged  by  stannous  chloride  and  sodium 
hypochlorite. 

The  relation  of  the  foregoing  acids  will  be  seen  by  the  follow- 
ing graphic  formulie : 


'—OH 

Fonnk  acid. 


H-C 


H,C— C__Qn 


Acetic  add. 

H    H    H    H    O 


H    H    O  H    H    H    O 

H— C— C-C— OH     H-C-C— C— C— OH      H— C— C— C— C— C— OH 


H    H 

Propionic  acid. 

o  o 


H    H    H 

Butyric  acid. 

H   O 


H    H    H    H 

Valerianic  add. 


H 

Malonic  acid. 


H    H 

Succinic  acid. 


H    H   O 

HO— C— C— OH  HO— C— C— OH  HO— C— C— C— OH 

Oxalic  add.  H  H     H 

Glycolic  acid.  lactic  add. 

HHHO  OHO  OHHO 

HO— C— C— C— C— OH     HO— C— C-C— OH     HO— C— C— C~C— OH 
H    H    H 

Otybutyric  add. 

H    OH   O  O    UH  O  O    OH    H   O 

HO— C— C  — C-OH     HO— C-C— C-OH     HO-C—C  — C— C— OH 
H    H  H  H      H 

Glyceric  acid.  Twrtronic  acid.  Malic  add. 

O    O-HO-HO  O    0-H  H    HO 

HO— C— C  —  C  —  C— OH  HO-C— C  —  C— C— C— OH 

H       H  H       [     H 

Tartaric  add.  C^O 

—OH 

Uukacld. 
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HO— C 


HO— 


c— c-c;-c— c-d— OH 


II    H    H    H 

SacchMic  acid 

aod 
Mucic  aicid. 


THE   PHENOLS. 


^H  Compound^derived  from  the  Aromatic  or  Benzene 

^^^  Hydrocarbons, — It  has  been  thought  Ixst  to  study  the  deriva- 
tivesof  tlie  benzene  hydrocarbons  by  tbemselves,  because  of  certain 
l>ecnliaritics  of  these  compounds,  and  to  avoid  making  the  study 
of  ihc  others  too  complicated.  We  have  already  studied  the 
principal  hydrocarbons  of  tliis  series  which  interest  the  physician 
and  i>harmacist.  The  H  atoms  in  benzene  may  be  replaced  by 
halogens,  hydroxy!,  sulphur  or  other  hvdrocarbon  radicals.  In 
fact  ihc  higher  members  of  the  series  .ire  all  produced  by  substitu- 
tions for  H  in  the  original  ben/ene  nucleus.  By  the  substitution 
of  CI.  Hr  or  1  fur  H  in  the  princii>al  chain,  or  in  the  lateral  chain, 
we  may  form  a  very  great  number  of  coni]onnds,  few  of  which 
are  of  sufficient  interest  to  claim  special  study.  By  the  substitu- 
tion of  hydroxy  1  for  H  in  benzene,  we  have  what  is  termed  a 
phenol.  By  the  substiltitiou  of  two  hydroxyls  for  two  atoms  of 
H  in  bcri'/ene  we  have  the  diatomic  phenols.  By  the  substitu- 
tion of  three  hydroxylsue  have  the  iri-atomic  phenols.  It  will 
be  seen  that  in  the  higher  homologies  of  benzene,  in  toluene  for 
examfjlc,  C^H^CH;,.  where  there  is  a  side  chain,  it  is  possible  to 
substitute  Uie  h\dioxyl  for  one  of  the  H  atoms  of  the  benzene 
nucleus,  or  for  one  on  the  side  chain.  In  the  first  instance  we 
have  a  phenol,  in  the  second  we  have  an  alcohol.  That  is,  the 
first  cannot  be  oxidized  to  produce  an  acid,  because  the  carboxyl 
group  COOH  cannot  be  produced.  In  the  second  we  can  form 
COOH  by  oxidation,  and  it  is  therefore  a  true  alcohol.  The 
phenols,  therefore,  are  isomeric  with,  but  have  different  pro- 
perties from  the  alcohols.  The  phenols  differ  from  the  aJco- 
hols,  in  not  furnishing  corresponding  aldehydes  and  acids  on 
oxidation  ;  in  not  dividing  into  water  and  hydrocarbons  under 
the  influence  of  dehydrating  agents,  as  all  alcohols  should  ;  and 
in  not  reacting  with  acids  to  form  ethers.  The  phenols  form 
with  metallic  elements,  more  stable  compounds  than  the  true  al- 
cohols.    These  compounds  resemble   the  salts  rather  than   the 


alcoholates  ;  /.  e.^  the  phenols  exhibit  acid  properties,  while  in 
structure  they  are  allied  to  the  alcohols. 

Phenol  —  Phcnic    Acid  —  Calbolic   Acid  —  Acidum 


Carbolicum  (U 


is  met  with  in  the  products  of 


^e 


the  destructive  distillation  of  coal  and  wood,  and  is  found  in 
small  qnamiiies  in  human  urine,  and  in  castoreum.  In  the  arts, 
it  is  prepared  from  that  iionion  of  the  coal  tar  oil  distilling  be- 
tween i5o''r.  (302°  K)  and  iyo°  C.  (374°F.).  This  is  agitated 
with  a  concentrated  sohttion  of  caustic  soda,  when  a  crystalline 
carbolate  of  sodium  is  formed,  while  the  neutral  oils  are  left  un- 
acted upon.  After  the  latter  have  been  separatetl,  the  carlnjlale 
is  decomposed  by  hydrochloric  acid,  and  the  impure  carbolic 
acid  thus  obtained,  again  treated  with  sodium  hydroxide.  On 
exposing  this  solution  to  the  air,  the  greater  portion  of  the  im- 
purities becomes  oxidized,  and  separates  as  a  tarry  mass.  The 
clear  solution  of  sodium  phenale  (or  carlKilate)  is  again  decom- 
posed by  hydrochloric  acid,  and  the  resulting  carbolic  acid 
5e)>arated  and  submitted  to  distillation.  From  the  portion  pass- 
ing over  below  190°  C.  (374**  F.)  phenol  separates  out  as  color- 
less needles  on  cooling,  which  melt  at  42°  C.  (108°  F.),  and  boil 
at  i84°C.  (364°F.). 

l*ure  phenol  is  a  crystalline  solid,  having  a  characteristic  odor 
and  pungent,  caustic  taste,  producing  a  white  eschar  with  animal 
tissues.  The  crystals  are  liquefied  by  the  addition  of  al)out  5  per 
cent,  of  water.  This  liquid  is  made  turbid  by  the  addition 
of  more  water,  until  2000  parts  are  added,  when  the  acid  dis- 
solves to  a  clear  solution.  It  is  sohible  in  twenty  |>arts  of  water 
at  the  ordinary  temperature.  The  addition  of  glycerin  increases 
its  solubility.  It  is  readily  soluble  in  alcohol,  ether,  benzene, 
carbon  disulphide,  glycerin,  and  fixed  and  volatile  oils.  Car- 
bolic acid  coagulates  albumin,  and  its  aqueous  solution  gives 
a  permanent  violel-blue  color  with  ferric  chloride,  while  that 
produced  by  creasote  is  first  green  and  then  ))rown.  It  forms 
with  bromine  water,  a  white  preci]>itateof  iribromphenol.  When 
quite  pure,  carbolic  acid  is  permanent  in  the  air;  but  the  com- 
mercial acid  frequently  changes  to  a  pink  or  red  color.  Am- 
monia and  chlorinated  soda  solution  produce  a  blue  color  with 
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carlx>lic  acid.  Carbolic  acid  is  very  much  used  as  an  antiseptic, 
in  inedi<;iiie  and  in  the  arts.  Some  of  the  carbolates  have  also 
been  used  for  the  same  purpose.  Carbolic  acid  is  very  poisonous 
when  uken  into  the  lx)dy,  and  cases  of  iaul  poisoning  by  it  arc 
not  un<x>nimon.  Dangerous  symptoms  have  been  produced  by 
six  or  seven  droj/i,  and  fatal  poisoning  has  occurred  from  its  use 
as  a  surgii-al  dressing.  The  urine  is  dark  colored  and  smoky  in 
suclt  < rases,  and  its  ap|>earance  should  be  watched  while using  the 
at  id,  either  internally  or  locally. 

Phenates.— Wlien  phenol  is  heated  with  KOH  or  NaOH  the 
following  reaction  takes  place: — 

C"  HjOH  -f  KOH  =  CHjOK  +  H,a 
riMnol.  PotaMiun 

phcaatc. 

The  phenol  here  acts  as  an  acid,  and  gives  rise  to  the  name  phenic 
acid  or  carliolio  arid.  Certain  other  metals  and  the  alkaloids 
ni:»y  he  eniployt'd  lo  replaro  the  alcoholic  H  of  phenol,  to  give 
phenaifs.  Mrrniric  phonato.  (piinine  phenate,  and  even  other 
.s.illii  o\'  this  ttii^s  have  Invn  employed  in  medicine. 

Creaylic  Acid,  or  Cresol,  C.H,  |  [^|^».— There  are  three 

jHt^sihle  t'iini|HM)n(ts  having  this  formula,  the  ortho,  meta,  and 
(aia  I  u-M^l  l'\vt»  i»l'  ihtso.  at  least,  are  found  in  coal  tar  together 
\\\k\\  phruol.aud  i»!>iaine\l  frotu  it  by  fnictional  distillation.  The 
impiue  \.iiu*iu's  \»t  lommoroiat  ooal  tar  oro.isoie, or  carbolic  acid, 
*\»n(,un  in  a»Khti\»n  croNxlit"  aoid  v*r  crosi^l.  Cresol  may  be  pre- 
)v(usl  h\  diH^^Ovuvt;  tohiulin  in  sulphuric  acid,  adding  potassium 

U\  ',S.'  vv.v.s*  '.\io:Vv\i  ot  v:r:\ArA!ion  tSe  :h?x>f  'A^n-seric  cresobare 
Orthv^  Cresv^l  ,i  -*  :^  a  ^■. \^:,i'.'.  v  -s*.^/.:.  :.:s;:u:  a:  51*  C. 
M(ftA  Cr<'*>>*    /.     :'    ^  -i  * ..;-.Vv.   'x^     -^  a:   icn"C    ^^S^** 

a:,     c     \..   a       ,\v    k"      ;>.>">■'       V     .    ;  \^-     -vv-^    ~   'ae 
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Tri-Crcsol  is  a  mixture  of  the  three  cresols  in  their  natural 
proportions,  carefully  freed  from  all  impurities.  It  is  a  colorless, 
oily  liquid  of  sp.  gr.  of  x.o45,  and  soluble  in  40  parts  of  water, 
giving  a  clear  neutral  solution.  Its  disinfectant  power  is  three 
times  that  of  carl)olic  acid. 

Para  Creaol  Benzoat,  C^HgCOO.C.H^.CH^is  acrystalline 
compound,  said  to  be  a  poiverful  disinfectant. 

Beech-wood  Creasote  —  Creosotum  (U.  S.  P.)  —  is  a 
mixture  of  phenols  consisting  chiefly  of  guaiacol  and  cresols  ob- 
tained during  the  distillation  of  wood  lar,  preferably  that  of  the 
beech.  It  contains,  in  addition  to  the  above,  a  small  (juantiiyof 
phloroK  It  is  an  almost  colorless,  yellowish  or  pinkish,  highly 
refractive,  oily  liquid,  having  a  [penetrating,  smoky  odor  and  a 
burning,  caustic  taste.  Its  sp.  gr.  is  i.cyoor  higher.  It  is  solu- 
ble in  about  150  j>arts  of  water,  but  it  does  not  form  a  perfectly 
clear  solution.  It  is  soluble  in  alt  proportions  in  alcohol,  ether, 
chloroform,  benzene,  carbon  disulphide,  acetic  acid,  fixed  and 
volatile  oils.  It  begins  to  boil  at  about  205°  C.  (401°  F.),  and 
most  of  it  distils  between  205°  and  ais**  C.  (401**  and  419°  F). 
When  cooled  to  -20"^  C.  (-4°  F.)  it  does  not  solidify  like  car- 
bolic acid,  but  becomes  gelatinous.  It  is  inflammable.  Its  solu- 
tion gives  a  reddish-brown  precipitate  with  bromine  water,  which 
distinguishes  il  from  phenol. 

Creasote  is  employed  in  medicine,  both  internally  and  exter- 
nally and  by  inhalations.      It  is  also  employed  as  an  antiseptic. 

To  distinguish  creasote  from  phenol,  which  is  often  substituted 
for  creasote,  the  following  tests  may  be  applied.  Phenol  gives 
with  Fe,Cl,  a  purjjje  colored  solution,  while  creasote  gives  a 
violet  which  rapidly  changes  to  green  and  finally  to  brown,  with 
the  formation  of  a  brown  precipitate.  Phenol  is  soluble  in 
glycerin,  while  creasote  is  not.  Phenol  precipitates  collodion 
from  its  solution,  while  creasote  does  not. 

Creasote  Carbonate  is  a  mixture  of  guaiacol  carbonate  with 
some  cresol.      It   is  prepared  by  saturating    partially  purified 
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giiaiacol  with  sodinm  hydroxide,  and  treating  this  compound 
with  carbonyl  chloride  (COCl,).  It  is  an  ambtr-colored  oil, 
honey-like  in  consistency,  with  a  faint  odor  and  taste  of  creosote. 
It  is  used  as  a  substitute  for  creasote,  it  being  free  from  its  dis- 
agreeable tabte. 

'I'he  cresols  j>ossess  wonderful  antiseptic  properties,  and  are 
less  poisonous  to  the  animal  organism  than  phenol.  A  serious 
liinilrance  to  their  employment  as  germicides  is  their  in- 
solubility. Cresols  have  recently  been  introduced  as  disin- 
fectants under  special  names,  as  creolin,  lysol,  solveol.  and 
soluiol.  These  substances  sctm  to  be  derivatives  from  tresoU, 
Crcolin  is  a  dark  brown  alkaline  liquid.  It  is  free  from  caustic 
or  irritating  properties,  and  may  be  administered  internally.  It 
forms  with  water  a  more  or  less  turbid,  or  milky  mixture  or 
emulsion-  It  mixes  with  chloroform,  ether,  and  dilute  alcohol 
in  all  proportions.  For  external  application,  it  is  used  in  the 
form  of  an  ointment,  or  as  a  i  to  2  per  cent,  aqueous  solution. 

Lrysol  is  a  preparation  resembling  creolin  in  its  properties, 
and  is  made  by  dissolving  the  fraction  of  tar  oil,  which  boils 
between  190°  and  200°  C.  in  fat.  and  afterwards  saponifying  wiih 
alkalies,  with  the  addition  of  alcohol.  It  is  a  brown,  oily-look- 
ing, clear  liquid,  with  an  aromatic,  creasote-like  odor.  It  is 
Slid  to  contain  50  per  cent,  of  cresols.  It  ismiscible  with  water, 
forming  a  clear,  s3|X)naceons,  frothing  liquid  ;  also  with  alcohol, 
benzene,  chloroform,  and  glycenn.  It  is  a  gocxl  disinfectant, 
five  times  more  active  than  phenol,  and  much  less  poisonous.  It 
is  non-caustic. 

Solveol  is  a  solution  of  sodium  cresol  in  excess  of  cresol,  and 
solutol  a  solution  of  cresol  in  cresylaie  of  sodium.  It  is  said 
to  contain  60  per  cent,  of  cresylic  acid  — one-fourth  in  the  free 
state,  and  three-fourths  combined  wiih  sodium  Cresol  iodide 
has  also  been  introduced  into  medicine  in  the  form  of  a  light- 
yellow  |X)wder  of  not  very  pleasant  odor.  It  is  insoluble  in 
water,  but  soluble  in  the  oils,  alcohol,  ether,  and  chloroform. 

Crcaotic  Acids— Oxytoluic  Acids— C.H^'H.OHCOOH. 
— Thfre  are  three  of  these  corresiKinding  to  the  ortho-,  mcta-, 
and  paracresols.  They  are  prc|>;ued  by  the  action  of  sodium 
h>'droxjde  and  carlxin  dioxide  up<in  the  cresols,  according  to 
Kolbe's  method  of  prepciring  s.ilvcilic  acid  ttom  phenol.  They 
may  also  be  prejurrd  by  melting  the  homolo,i;ues  of  phenol 
with  excess  of  |v>Ka'vsium  hydroxide.  The  crcsotic  acids  all 
crystaliixc  in  long  white  prismatic  needles,  which  can  lie  volatil- 
ized in  a  current  of  steam.     They  are  soluble  with  difficulty  in 
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cold,  but  more  so  in  hot  water;  readily  soluble  in  alcohol, 
ether,  and  chloroform.  In  solution  their  reactions  are  similar 
to  salicylic  acid.  Several  salts  of  cresotic  acid  have  been  sug- 
gested as  medicinal  remedies-  Sodium  cresotatc,  and  sodiutn 

fCH, 
para-cresotate,  C\H,  J.  OH  have  been  used.     The  latter 

(COONa, 
salt  is  a  fine  crystalline   powder,  with  a  bitter  taste,  soluble  in 
25  parts  of  water.     It  has  been  used  in  rhetimatism,  in  doses  of 
from  8  to  45  grains. 

Dimethyl  Phenols  —  Xcnols  — Xylcnols,  C.H,,  J  CH. 

(OH 

There  are  six  possible  dimethyl  phenols,  four  of  which  have 
been  obtained.     VVe  may  also  have  three  possible  ethyl  phenols, 

^•"*  \  OH. 

Thymol— Propyl-mcta-cresol,  C.H^  \  C^H     has  already 

(oh 

been  descril>ed  among  the  Camphors.     (See  page  326.) 

rcH, 

Carvacrol,  or  Propyl-ortho-crcsol,  C  H^  {  C^H  ,  exists  in 

(oh 

the  essential  oil  of  origanum.  It  is  an  isomer  of  thymol.  It  is 
a  thick,  oily  liquid,  which  does  not  solidify  even  at — 25**  C. 
(—  13°  F.).  It  boils  at  233''  C.  (451*4°  F.).  It  is  very  soluble 
in  chloroform,  ether,  and  olive  oil,  but  insoluble  in  water.  Its 
iodide  is  a  yellow-brown  powder,  sometimes  employed  in  medi- 
cine. It  is  obtained  by  the  action  of  iodine  ufwn  camphor. 
It  is  employed  externally  as  a  substitute  for  iodoform. 


Carvacrol  Iodide 


(CH, 
,  C.H,  ]  C3H,  is 
(01 


prepared  by  the  action 


of  iodine  upon  an  alkaline  solution  of  carvacrol.  ll  is  a  yellowish- 
brown  |X)wder,  almost  odorless,  insoluble  in  water,  slightly  s<jlu- 
ble  in  alcohol,  hut  easily  soluble  in  ether,  chloroform,  and  olive 
oil.     It  has  been  proposed  as  a  substitute  for  iodoform. 


Eugcnol,  or  Eugenic  Acid 


rocH. 

id,C.H,]c,H..i 
(OH 


is  a  body  closely 

resembling  carvacrol.  obtained  from  the  oil  of  cloves,  cinnamon, 
bay,  pimento  or  sassafras,  by  oxidation.     Kugenol  occurs  as  an 
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aromatic  liquid,  boiling  at  235**  C.  (455°  F.),  slightly  soluble  in 
water,  freely  so  in  alcohol.  It  is  employed  as  an  antiseptic,  and 
is  considered  superior  to  phenol.  It  has  also  been  used  internally 
as  a  febrifuge.  Several  compounds  of  eugenol  have  also  been 
employed,  bcnzoyl-eugenol,  cinnamyl-eugenol,  iodo-eugenol, 
and  eugenol-acetaiDuI,  bcin^  the  principal  ones. 

Chlor-phenols  and  Brom-phenols. —  When  chlorine  is 
passed  into  phenolj  ortho-  and  paxa-chlor-phenols  are  formed^ 
The  corresponding  Brand  I  substitution  products  are  obtained 
by  the  action  of  these  elements  on  phenol. 

Mono-chlor-phcnol,  CoH.CIOH,  has  been  employed  as  a 
reniedyfor  inhalations  in  phthisis  and  other  lung  iroubles.  It  is 
a  volatile  liquid  having  an  odor  somewhat  resembling  phenol. 

Bromol,  or  Tri-brom-phenol,  C^H^Rr^OH,  also  called  iri- 
broraophenol,  is  prepared  by  the  action  of  Br  upon  an  aqueous 
solution  of  phenol.  It  occurs  as  a  white,  crystalline  powder  of 
an  astringent  sweetish  taste,  and  an  odor  resembling  that  oi'  Br. 
It  melts  at  95°  C.  (203°  F.).  It  is  insoluble  in  water,  but  solu* 
ble  in  alcohol,  ether,  chloroform,  glycerin  and  the  fatty  and 
ethereal  oils.  It  has  been  recommended  as  a  local  remedy  in 
diphtheria  and  as  an  intestinal  antiseptic, 

A  Di-iodo  Thymol,^?}}^}  c,Ei,(lo)— (10)C,H,  {^f^,  form- 
ed by  the  action  of  a  solution  of  I  in  KI  upon  an  alkaline  solu- 
tion of  thymoU  has  been  proposed  as  a  substitute  for  iodoform, 
under  the  name  of  annidalin.  It  occurs  as  a  red  dish -brown, 
odorless  powder,  which  is  decomposed  under  the  action  of  heat 
and  light,  with  evolution  of  iodine.  This  siil>stance  isnow  more 
generally  known  as  aristol,  or  di-thymol  di-iodide.  It  is 
insoluble  in  water  and  glycerin,  slightly  soluble  in  alcohol  and 
readily  so  in  ether  and  collodion.  It  is  taken  up  by  fatty  oils  or 
vaseline  when  rubbed  with  them.  When  heated  in  a  glass  tube, 
iodine  vapors  are  given  off. 

Tri-nitro-phcnol  —  Picric  Acid —  Carbazotic  Acid, 
CjH,(N(),),OH. — The  phenols  are  acted  upon  by  strong  nitric 
acid,  forming  mono-nitro,  di-nilro  and  tri-nitro  phenols.  'J'he  first 
two  of  these  are  of  little  importance  to  the  ph)'sician,  but  the  third 
is  employed  in  the  arts  as  a  yellow  dye  for  silk  and  wool,  and  is 
frequently  employed  as  a  test  for  albumin  in  urine,  and  as  a  pre- 
cipitant of  the  alkaloids.  Two  tri-nitro  phenols  are  known,  one 
in  which  the  NOj  group  is  attached  to  ciirbon  atoms  i,  2  and  4, 
and  in  the  other  attached  to  2,  4  and  6*  The  latter  com[xjijnd 
is  ordinary  picric  acid.  It  is  prepared  by  the  action  of  strong 
nitric  acid  upon  phenol,  salicin,    indigo,  silk,  wool  and  many 
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Other  organic  substances  containing  the  benzene  nucleus.  It 
occurs  in  yellow  crystalline  plates.  It  is  nearly  odorless,  and  has 
an  intensely  bitter  taste  and  an  acid  reaction.  It  is  sparingly 
soluble  in  water,  very  soluble  in  aJcoho!,  ether  and  benzene. 
When  quickly  heated  it  detonates.  It  forms  salts  with  the  metals 
which  are  explosives.  When  taken  internally  in  considerable 
doses  it  acts  as  a  poison. 

Tests.— (l)  ItE  taste  is  so  iMtter  tbat  this  together  with  its  bright  lemon.yel- 
low  color  serves  as  a  delicate  test. 

(3)  Its  solutions  give  a  greeii  crystalline  precipitate  with  an  aminoDiacal 
solution  of  CuSOj. 

(3)  Glucose  healed  with  an  alkaline  solution  of  the  acid  gives  a  reddish- 
brown  colored  solution. 

(4)  It  gives  an  intense  red  color  when  warmed  with  an  alkaline  soludan  of 
KCN. 

DIATOMIC    PHENOLS. 

These  compotmds  are  derived  from  benzene  and  its  homo- 
logues  by  replacing  two  atoms  of  hydrogen  by  hydroxyl.  They 
may  be  preiiared  by  fusing  phenol-sulphonic  acids  with  KOH. 
There  are  three  such  compounds  possible,  all  of  which,  in  the 
case  of  benzene,  are  well  known.  Their  graphic  formulie  and 
the  cause  of  the  isomerism  is  shown  by  the  following  : — 
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lO-dihydro-phenoL 

Uetadihydro- phenol. 

P*ra>dihy  (]  ro-phcoul 

Ortho-dihydro-phcnol.or  Pyrocatechin,  C^H^  |  [j[J  ^j| 

is  another  isomeride  of  hydrotjuinone  that  has  found  use  as  a 
remedial  agent.  It  forms  fiat  crystals  or  plates,  readily  soluble 
in  water,  alcohol  and  ether.  It  is  prej>ared  by  distilling  extract 
of  catechu,  kino  and  other  extracts  containing  tannin.  It  is 
found  in  crude  pyroligneoua  acid  distilled  from  wood.  It  has 
weak  acid  pro]>crtics. 
Solutions  of  pyrocatechin  reduce  silver  salts  in  the  cold,  and 
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Fehling's  solutions  on  warming.     If  made  alkaline  they  absorb 
oxygen  from  the  air  and  turn  green. 


Pyrocaiechin. 
C.H,(0H),(l:2) 


Rcsortin. 
C,H,(OHj,(l:3) 


Hydroqulnoae. 


It  will  be  observed  that  In  the  fir»t  formula  the  hydroxyls  occapy  positions 
OD  two  adjoining  carbon  atoms,  or  i  and  2.  In  the  second  the  positions  arc 
I  and  3,  and  in  the  third  ihey  art:  I  anti  4.  These  three  include  all  ihe  possi- 
ble relative  positions  uf  two  hydroxy!  groups  in  this  molecule.  The  prupettics 
change  with  the  changed  position  of  the  second  hydroxyl  group. 

Meta-dihydro-phenol    Resorcin  —  Rcsorcinol,    C,H^- 
j  nU(  V  ^^  isomeride  of  hydroquinone,  has  come  into  promi- 
nence recently  in  the  treatment  of  certain  maladies.     It  forms 

colorless  crystals,  melting  at  about  100°  C.  (212°  F.),  and  boil- 
ing at  276°  C.  (528.8°  F.).  h  is  very  soluble  in  water,  alcohol, 
and  ether,  and  possesses  a  sweetish,  harsh  taste.  It  is  prepared 
by  fusing  certain  gum  resins  (galbanum),  extract  of  sapin-wood  ; 
or,  by  distilling  Brazil-wood,  with  caustic  potash.  It  is  a  strong 
antifermentative.  It  is  now  prepared  synthetically  from  benzene, 
but  the  process  is  complicated. 

When  a  small  quantity  is  warmed  with  twice  its  weight  of  tar- 
taric acid,  and  10  drojjs  t>f  H^SO^,  it  gives  dark  carmine  red 
liquid.  A  solution  of  5  parts  of  resorcin  and  3  parts  of  white 
stigar  in  100  parts  of  alcohol,  forms  a  very  delicate  test  for  free 
HCl  when  warmed  in  a  dish  with  the  suspected  fluid.  It  is  used 
to  detect  free  HCl  in  the  gastric  jjice.  It  gives  with  HCl  a 
purple  red  color.  The  physiological  action  of  resorcin  is 
similar  to  that  of  phenol,  but  it  is  not  poisonous.  It  is  given 
internally  as  an  antiseptic  and  antipyretic,  in  doses  of  two  grains, 
and  in  some  cases  as  high  as  15  grains  ( i  gram). 

Fluorescein  or  Resorcin-phtalein,  C„H„Oj.HjO,  is  also 
used  in  medicine,  and  occurs  as  tlLirk-brown  crystals,  which  form 
with  ammonia  a  beautil'til  red  sottuion  with  a  green  fluorescence. 

Para-dihydro-phenol,  or  Hydroquinone,  C,H,  \  nu/.y 

is  most  easily  prepared  by  passing  SO,  through  a  wanw  saturated 
solution  of  (jTiinone,  QH^Oj,  when  hydnxpiinoueseparatesinsix- 
sided  prisms,  fusing  at  169°  C,  and  subliniingon  further  heating. 
It  is  moderately  soluble  in  water  and  easily  soluble  in  alcohol  and 
ether.  It  has  been  recommended  as  an  antipyretic,  antiferment- 
aiive  and  anlidiarrhceal  remedy. 

It  is  claimed  that  it  is  harmless,  even  in  large  doses.  It  is 
given  in  5-  to  8-grain  doses.  It  is  used  in  photography  as  a 
developer,  owing  to  its  reducing  properties. 
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Quinone,  C^H^^  O,,  is  a  type  of  a  niimher  of  compounds 
obtaiiiL'd  liy  the  oxidation  of  quite  a  number  of  para-l)enzene 
derivatives.  It  is  a  yellow,  crystalline  powder,  subliming  slowly 
at  ordinary  teiiijjeratures.  Nascent  hydrogen  or  reducing  agents 
convert  it  into  hvdrocpiinonc. 

Orcin— Orcinol— Dihydroxy  Toluene,  C^H,  CH,(OH), 
— is  prepared  from  certain  lichens  which  furnish  litmus,  cud- 
bear and  archil.  The  lichens  are  boiled  with  lime  and  water, 
the  lime  precipitated  with  CO,,  and  the  orcin  extracted  with 
ether.  Orcin  crystallizes  in  prisms,  has  a  sweet  taste  and  is 
soluble  in  water,  alcohol  and  ether.  Orcin  forms  with  ammonia 
a  purple  solution,  from  which  acetic  acid  preci]»itates  orcein, 
the  chief  coloring  matter  of  litmus,  and  the  other  dyes  made 
from  lichens,  by  mixing  them  with  lime  and  urine  and  cx|>osing 
them  to  the  air. 

Guaiaco],   or    Methyl-pyrocatcchin,    C,H^     ,.„    *  is  a 

constituent  of  creasote,  of  which  it  constitutes  about  60  to  90 
per  cent. 

It  is  prc|>ared  by  the  fractional  distillation  of  beech-wood  crea- 
sote, collecting  that  coming  over  between  200°  and  205°  C. 

It  is  a  liquid  having  a  pleasant  odor,  and  boiling  at  a  little 
above  ao6°  C.  (402.8''  F.J.  Its  sp.  gr.  is  i  133  at  15*  C. 
(59"  F.).  It  is  not  very  soluble  in  water,  requiring  85  i)arts  of 
water  to  take  up  one  part  of  it. 

It  has  been  introduced  as  a  remedy  in  tuberculosis  in  place  of 
creasote.     It  is  best  given  in  cnp>ules. 

Guaiacol  Iodide,  Guaiacol  Carbonate,  Guaiacol  Car- 
bonic Acid,  Cinnamyl  guaiacol,  and  Guaiacol  Salicy- 
late have  been  prepared,  and  proposed  for  the  same  puri)Oses  as 
guaiacol. 

Of  these  compounds  the  carbonate  is  most  used.  It  is  pre- 
|>ared  by  the  action  o{  carbouyl  chloride  on  a  solution  of  guaiacol 
sodium, 

•  C.H,CH.O 
2CHXH,0Na  -\-  COO,  =  )C0  -|-  2N»a. 

C,H,CH,0^ 
Guaiacol  lodiuin.  Guaiacol  carbonate. 

The  seiKirnting  crystals  arc  collected  and  recrysiallizcd  from 
alcohol.  It  is  a  white,  crystalline  powder,  nearly  free  from  odor 
and  taste,  insoluble  in  water,  and  s[>aringly  soluble  in  alcohol, 
glycerin  and  oils.  It  is  decom|JOsed  by  alkalies  into  carbonic 
acid  and  guaiacol.  It  is  used  for  the  same  diseases  as  guaiacol 
and  creosote. 
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tr.^jilline  '^vnofiwwt  if  ^isiacnx  Ji  iraica  me  ff  n  rtir  Off 
jp!SVH>  -liw  i«cn  TitTtkag-jA  hf  3d20i'L  It  :s  picaared  izsc:  by-  :iiiiii^ 
ix\%  ii^  >>r.aRsviin  »it  :vr'  j'laiaroL  jnd  warnnng  x  ^nth.  bcsaavi 
'tfSU^rt'ie.  '-ir,  iiy  :he  nsacnoa  bgriween  gnaiami  and  bcazmc  anhy- 

p^yHifT.  it  is  iiUMiiihle  in  wAC^  joiohie:  ia  ':iac  sxcsmai,  in  mser 
;Mii  fthlfW^Ti'^rm.     Ic  concans  54  per  cmc  <3t  jnaiarni     It  anmiii 

^>)(tiacot  aiui  Its  /lerivad'vesare:  one  eaaly  'Tirifrarrt  in  c&e  botfr* 
aiwt  ar«  'wioily  partiaiW  excxcced  in  che  arine,  ami  mav  be  (£e- 
C^Jerl  in  rh^  rtuiii  one-half  hoar  anvr  taidmr  a  anicie  doe.  £c 
m«y  he  Heterterf  hy  diaciUin^  die  'irme  wirh  HjsO^ .  diinoe)^  and 
^^Minft  a  *<?>•>*>  «*  tsr^  '^t  ferric  dUoride  sotutiaa.  when,  if  groo- 
/■-M  H  pr-nenr,  it  w.il  ;rive  a  reddJsh.-bcown  color.  Benaoaol  s 
tine4  fr>r  the  «»Tne  p'lrpoic  a«  griaiacoi.  and  ir  is  decomposed  by 
the  ;»ikAhe^  to  rhe  <ame  naanner  as  ^aloL 

/C  m  if.v^T.  .rvreraaily  in  doaea  ot  4  to  11  grains. 
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'th^.t^  'Af-.  thr^,^,  iv>meric  trioxy-bcnzenes  :  pcloroglnctn,  pyxo- 
f(MUA.  'AUf\  '^Kyhydfyj'iinonc 

PhlofOjflucin,  C^U/(jHj^,  h  obtained  by  the  Vision  of 
jff/tit^h  frT  V//W  with  vari^/iM  resins  and  resorcin,  or  by  the  action 
frf  iilkititf^  ti^fffii  (*hU/Tctin.  It  orxars  as  large  prisms,  which  dis* 
^t]vfi  in  w^trr,  HUoho\f  and  ether,  and  possesses  a  very  sweet 
in^if.  Jl^  w;lrilion«  j(ivc  a  dark  violet  color  with  Fe,Ci^  A 
ft<iIf»f»ofi  of  two  p»fu  of  phlorf>ghK;in  and  one  pan  of  vanillin  in 
(hifly  of  af«^;liitc  /'ilf;ohol,  w  used  a4  a  very  delicate  test  for  free 
IM  I  in  ((a*frir  jnirf:.      It  will  detect  one  j>art  of  HCl  in  20,000 

Pyroj^ttllin,  Pyrogailol  (V.  S.  P.;,  or  Pyrogallic  Acid, 
<  O  M 
<',ll,,  <0   II,      Th if!  acid  is  a  trihydro-benzene,  and  is  prepared 
(O    II 

I.V  hf'rtllnu  t/.illii  (Hid,  (•,^\\/()\l)^('(\H,  to  300°  C.  (572°  F.). 
It  I  ivqifdii/' q  in  wliitr,  Hhininf;  ni-f<lles  and  gives  a  dark-blue 
loliM  Willi  (riKiii'*,  inid  red  with  ferric  sails.  An  alkaline  solu- 
tion, wIm'H  rR|Mtq('d  lo  thr  iiir,  rapidly  absorbs  oxygen  and  assumes 
It  diiik  Mild!,  Silver  uikI  i^oU]  salts  arc  reduced,  in  the  light, 
111  till'  iiii'lidlir  Ndiir  liy  it;  hence  it  is  used  as  a  developer  in 
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photography.  It  has  been  used  in  the  treatment  of  skin  dis- 
eases. 

Oxyhydro-quinone,  C,H/OH),,  is  unimportant. 

There  are  no  tetratomic  phenols  used  in  medicine.  Pentatomic 
and  hexatomic  phenols  have  also  been  prepared. 

Aromatic  Alcohols  differ  from  the  phenols  in  constitution. 
They  ail  contain  the  group  of  atoms  CHjOH,  and  by  the  oxida- 
tion of  this  group  it  becomes  COOH,  carboxyl,  with  the  forma- 
tion of  an  aldehyde  and  an  acid,  thus: — 


C,H.CH,OH  +  O, 

Bcnzyllc  alcohol. 


Beazoic  aldehyde. 


c;HjCooh. 

Bcnioic  acid. 


L 


Bcnzyltc  Alcohol  is  formed  by  distilling  benzoic  aldehyde 
with  KOH.  Its  lienzoic  and  cinnamic  ethers  are  found  in  balsam 
of  Peru  and  Tolu.  It  is  a  colorless  liquid  of  theoretical  interest 
only. 

Salicylic  Alcohol— Saligenin,  C.H^  •!  ru  OH  ^^  ^"^  °^ 
the  constituents  of  the  natural  glucoside,  salicin.  It  may  be 
separated  from  salicin  by  decomposition  with  diUite  mineral  acids, 
but  it  is  more  easily  prepared  by  the  action  of  formaldehyde  upon 
phenol. 

C,H,OH  +  HCHO  =  C;H,  {  g^^^j, 

PheooL     Formaldehyde,        SaligeniD. 

It  has  been  introduced  as  a  substitute  for  salicylic  acid. 

Saligenin  cryhtalli/es  in  colorless  leaflets,  having  a  slightly  bitter 
taste.  It  is  fairly  soluble  in  cold,  and  easily  soluble  in  hot  water 
and  in  alcohol. 

Cynnamyl  Alcohol— Styrene,C,Ha.CHCHCH,OH. occurs 
as  cinnamic  ester  under  the  name  of  styracinc  in  storax  (Styrax, 
U.  S.  P.). 

It  forms  shining  needle-like  crystals,  having  a  hyacinth-like 
odor,  and  is  sjuringly  soluble  in  water.  On  oxidation  it  gives  at 
first  cinnamic  acid,  CgH^CHCHCOOH,  and  then  benzoic  acid, 
C,H,CO0H. 

Aromatic  Aldehydes. 

Benzaldchyde — Oleum  Amygdalae  Amarse  (U.  S.  P.), 
CjH^COH,  is  a  constituent  of  bitier  almond  oil,  and  is  a  pro- 
duct of  the  decomposition  of  amygdalin,  along  with  hydro- 
cyanic acid,  glucose,  and  benzoic  acid, under  the  action  of  the 
emulsin  ferment.  It  may  be  prepared  by  a  number  of  synthetic 
reictions.  It  is  prepared  from  the  oil,  by  forming  a  crystalline 
solid  with    sodium  bisulphite,  separating  the  crystals,  and   after 


dissolving  thrm  in  water  decoinposiDg  with  a  strong  soJaiion  of 
Na^CO,.  It  is  a  colorless,  oily  liquid  with  the  odor  and  taste 
of  bitter  almonds.  Sp.  gr.  1-043,  ^^^  boiling  point  179"  C. 
(354.3°  F.).  Oxidising  agents  give  benzoic  acid,  and  nascent 
hydrogen  gives  ben^ylic  alcohol.  When  pure  it  is  not  poiwnous^ 
but  the  commercial  article  is  seldom  free  from  hydrocyanic  acid, 
SalicyHc    Aldehyde  —  Salicylal  —  Salicylous     Acid, 

C^H,  I  ^tr      or  Oil  of   Spirae    (meadow  sweet),  is  oljtained  by 

oxidizing  salicin  with  K,Cr,0,  and  H,SO^,  and  distilling  off 
the  aldehyde,  li  may  be  prejured  synthetically  by  the  action 
of  chloroform  and  KOH  and  phenol.  Salicylic  aldehyde  is  a 
colorlers  fragrant  liquid,  sp.  gr.  1.17,  and  bailing  at  196^  C. 
(384.8°  F.).  It  is  sjtaringly  soluble  in  water,  but  freely  in  alco- 
hol.    It  gives  an  intense  violet  color  with  Fe,Cl, 

Cinnamic  Aldehyde,  C,HjCH=('HCOH,  is  the  chief  con- 
stituent of  the  oils  of  cinnamon  and  cassia.  It  may  be  isolated 
by  means  of  its  compound  with  sodium  bisulphite.  It  has  been 
prej>ared  synthetically.  It  is  a  colorless,  aromatic  oil,  boiling  at 
247**  C  (476  6**  F.)  and  oxidizing  to  cinnamic  acid  (C^H,- 
CH=^CHC()(>H)  on  exposure  to  the  air. 

Cuminic  Aldehyde,  C,H,jC'()H,  occurs  in  the  aromatic 
oils  of  cummin,  caraway,  and  water-hemlock. 

Anisic  Aldehyde,  r,H/)CH,COH,  is  obtained  as  a  fragrant 
oil,  by  oxidi/ing  the  oil  ol  fennel,  and  the  oil  of  anise  with  HNO,. 

Vanillic  Aldehyde  or  Vanillin,  C^H^OjCOH,  is  extracted 
from  the  pods  of  the  vanilla  bean — Vaniiia plamjoiia.  It  is  now 
made  synthetically  from  coniferin,  a  glucoside  lound  in  the  bark 
of  trees  of  the  conifera  family. 

Aromatic  Ketones. 

The  ketones  corresponding  to  the  secondary  aromatic  alcohols 
may  be  formed  by  the  same  process  and  have  the  same  properties 
as  those  of  the  methane  series. 

Phcnyl-methyl  Ketone— Aceto-phenonc— Hypnotic, 
CjH^CO.CH,,  is  prepared  by  distilling  a  mixture  of  molecular 
])roportions  of  calcium  acetate  and  calcium  tKrnzuate  :  Ca(C,Hj- 
COO),  +  Ca(C,H,Oj,  I-  aC^CO,  -f  C.H^COCH,.  It  is  a  color- 
less,  oily  liquid  with  a  peculiar  odur  and  pungent  taste.  It  crys- 
tallizes at  14°  C.  (57  2^  F.J,  and  melts  again  at  20.5°  C.  (69**  F  ), 
It  is  slightly  soluble  in  water,  but  readily  misciblc  with  alcohol, 
It  has  been  used  as  a  hypnotic.     Dose,  i  to  3  minims. 

Gallaccto-phcnonc,  C,H,O.C,H,(OH)j.  is  a  derivative 
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pyroguUol,  containing  the  radical  of  acetic  acid.  It  UJ  prepared 
by  the  aclioD  of  pyrogallol  upon  glacial  acetic  acid  in  the  pres- 
ence of  zinc  chloride.  It  is  a  pale-yellow  crystalline  powder, 
readily  soluble'  in  hot  water,  and  in  alcohol  and  ether.  It  is 
soluble  in  glycerin,  but  sparingly  soluble  in  cold  water. 

It  has  been  used  as  an  external  remedy  in  psoriasis. 

Phenyl-ethyl  Ketone,  CJI^COCjH^.  Phenyl-propyl 
Ketone,  C^H^CO — C^Hj.  and  Diphenyl  Ketone— Benzo- 
phcnone,  C.H^ — CO— C,H^,  are  also  known. 

AROMATIC   ACIDS. 


H 

c-c 
Benzoic  Acid,  hc  c-c 


o-O-h-CjHjCH. — This  acid  oc- 


H 


c-c 


H 


curs  in  gum  Benzoin,  and  in  the  leaves  of  the  aspen;  it  is 
also  found  in  the  urine  of  herbivorous  animals,  licnzoic  acid  is 
prepared  from  gum  benzoin  by  sublimation.  The  i)owdered  resin 
is  gently  heated  in  an  iron  pan  covered  with  a  perforated  pai>er 
cover ;  over  this  is  placed  a  paper  or  felt  cuiie;  the  beuicoic  acid 
is  sublimed  and  collects  on  the  inner  surface  of  the  cone.  It  is 
also  prei^ared  by  boiling  the  resin  with  milk  of  lime,  filtering, 
concentrating  the  filtrate  by  evaporation,  and  precipitating  the 
acid  with  hydrochloric  acid.  It  is  also  prepared  from  naphtha- 
line, C,gH^.  occurring  in  coal  tar,  and  from  hippuric  acid  found 
in  the  uriiie  of  cows. 

Properties. — Benzoic  acid  occurs  in  large,  thin,  brilliant 
plates,  or  needles;  it  melts  at  120°  C  (248"^  I\)  and  boils  at 
250*^  C.  (482°  K),  but  sublimes  at  a  lower  temperature.  It  is 
soluble  in  hot  water  and  alcohol,  but  sparingly  soluble  in  cold 
water.     It  has  a  fxfculiar,  aromatic,  irritating  odor. 

The  benzoates  are  generally  soluble  in  water. 

The  benzoates  of  ammonium,  lithium  and  sodium  are  official. 
The  one  most  used  is  ammonium  benzoatc.  This  salt  occurs  in 
colorless  and  transparent,  prismatic  crystals  or  in  white  and 
granular  crystals,  becoming  yellow  on  long  exposure  to  the  air. 
U  has  a  slight  odor  of  the  acid,  a  saline,  afterward  bitter  taste; 
soluble  in  5  parts  of  water. 

The  sodium  salt  is  soluble  in  1.8  parts  of  water,  has  a  sweet, 
astringent  taste,  is  free  from  bitterness,  and  has  a  neutral  reaction. 
The  acid  and  its  salts  have  an  antifermentative  and  antiseptic 
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action.  The  benzoates  may  be  taken  internally  without  harnT 
They  areeliniinateU  partly  unchanged  and  partly  as  hippurJcacid. 

Solutions  of  benzoates  give  a  flesh-colored  or  reddish  preci- 
pitate with  terric  chloride. 

Salicylic  or  Oxybcnzoic  Acid. — 


'c»c- 


O-H 


HC 


\ 


H     K 


C-CO-O-H  -  C:^H«(OH}CO,H 


This  acid  occurrs  in  the  flowers  of  several  species  of  spiresa,  and 

forms  a  large  part  of  oil  of 


its  methyl  ether,  C,H^  ]  pooCH 
from  which 


wintergreen,  !rom  which  it  was  formerly  prepared.  It  is  now 
prei>ared  on  a  large  scale  by  passing  CO,  into  a  heated  retort 
containing  sodium  carbolate 

CjHjONa  4-  CO,  =  C,H^(OH]CO.ONa 

and  decom[K}sing  the  mass  with  hydrochloric  acid,  to  obtain  the 
acid.  When  pure,  salicylic  acid  occurs  as  fine,  white,  prismatic, 
needle-shiped  crystals,  permanent  in  air,  having  a  sweetish, 
slightly  acrid  taste  and  acid  reaction;  soluble  in  450  parts  of 
cjld  water,  and  in  2.5  parts  of  alcohol.  Its  solutions  give  an 
intense  violet  color  with  ferric  salts.  This  is  used  as  a  test. 
Salicylic  acid  is  sometimes  added  to  wines,  beer,  and  other  arti- 
cles of  food,  as  a  preservative,  a  use  which  should  be  prohibited. 

The  salicylates  of  potassium,  lithium,  sodium,  bismuth,  and 
some  of  the  alkaloids  are  used  in  medicine.  The  salicylic 
esters  are  very  numerous,  some  of  which  arc  used  in  medicine, 
and  have  already  been  described. 

Closely  related  to  salicylic  acid  is  a  glycoside  of  oxybenzoic 
alcohol,  called  salicin. 


^"*{cH,OH. 


Scklicm. 


Oxybeniaic  alcohol. 

Salicin  is  found  in  the  bark  of  different  kinds  of  willow  and 
poplar,  and  in  casloreum.  It  is  prepared  by  boiling  the  bark 
with  water  and  lead  oxide,  fdtering,  precipitating  the  lead  with 
hydric  sulphide,  and  evaporating  down.  The  salicin  separates 
from  the  solution  in  fme,  colorless,  needle-like  prisms,  having  a 
very  bitter  taste  and  neutral  reaction ;  soluble  in  28  pans  of 
water,  and  in  30  parts  of  alcohol;  insoluble  in  ether  or  chloro- 
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form  ;  very  soluble  in  hot  water.     When  heated  with  acids  it 

yields  glucose  and  S€lij;cnin.     It  is  used  in  medicine. 

Gallic  Acid  -Tri-oxy-benzoic  Acid-CgH,(OHX.CO.OH, 
is  prepared  from  gall-nuts  by  kcejting  them  in  a  warm,  moist 
place  until  they  undergo  fermentation,  extracting  the  mass  with 
boiling  water  and  crystallizing.  It  may  be  obtained  from  tannic 
acid  by  boiling  with  diluted  acids  or  alkalies,  or  by  spontaneous 
fermentation,  as  above  described  for  gali*nuts. 

Gallic  acid  crystallizes  from  water  in  fine,  silky  needles,  readily 
soluble  in  three  i)arts  of  boiling  water,  in  ether  and  alcohol.  It 
gives  a  bhie-black  precipitate  with  ferric  salts,  and  reduces  the 
salts  of  silver,  mercury  and  gold.  Its  normal  SiilLs  are  perma- 
nent, but  their  solutions  readily  decompose.  It  has  a  strong 
astringent  taste,  and  is  used  in  medicine,  in  common  with  tannin, 
as  a  haemostatic  and  astringent. 

Sulpho-carbolic  Acid— Ortho-phenyl  Sulphonic  Acid 
— CgH.HO.SO^OH. — If  one  part  of  crystallized  carbolic  acid  be 
mixed  with  one  part,  by  weight,  of  strong  sulphuric  acid,  phenyl- 
sulphonic  or  sulpho-carbolic  acid  is  formed. 

C;H,OH  -f  HjO,SO,  ^  C,H,OH.SO,OH  +  H,o. 

If  this  solution  is  diluted  with  water,  and  barium  carbonate 
added  in  excess,  a  solution  of  barium sulphocarbolate  is  produced. 
From  this  salt  the  other  salts  may  be  prepared. 

The  acid  is  a  reddish,  viscid  liquid,  soluble  in  water.  It  has 
antiseptic  properties,  and  may  be  used  internally.  It  is  non- 
poisonous  and  non-irritating.  The  sodium  and  the  zinc  salts 
have  been  employed  in  medicine. 

Sodii  Sulphocarbolas  (U.  S.  P.)  is  a  colorless  transparent 
crystalline  solid,  with  a  cooling,  saline,  slightly  bitter  taste.  It 
is  soluble  in  4.8  [xirts  of  water  and  in  133  [XLits  of  alcohol.  Jts 
solutions-give  with  Fe^Cl.  a  paie  violet  color. 

Sozoiodol— Di-iodo-para-phenolsulphonic  Acid,  C^H,- 
IjOH.SOjOH,  is  a  crystalline  solid,  otcurring  in  acicular  prisms, 
readily  soluble  in  water,  alcohol  and  glycerin. 

It  is  prepared  by  the  action  of  a  solution  of  iodide  and  iodate 
of  potassium  upon  sulphocarbolate  of  |>oiassium  dissolved  in 
dilute  HCl.  It  has  been  used  as  a  substitute  for  iodoform  in 
surgical  dressings. 


Salicyl-sulphonic  Acid, 


roH 


COOH,  is  formed  by  the 
(SO,OH 
action  of  strong  sulphuric  acid  upon  salicylic  acid.     It  separates 
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if'j'j.  ■*::.::. 'y.-.i  \y  rt^jc:r^  ci;e  or  nsore  o9  the  H  atoflss  by 
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Primary,  secondary  and  tertiary  amins  are  fonned  by 
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MON-AMIN5. 


I  If 


in! 


N  -  H. 
IH 


(LH, 


X-  CH 


CH, 


(CH, 


]A=..^.  Methyl  dijlifj  I  iMiB 


Dl'AMINS. 


K«  t.  jr  l«ne-<dani  in. 


I  If, 


Diedi 


Anuria  u\\  havi:  t^sic  profx;rties,  and,  like  NH,,  combine 
tUift  t\y  with  a/Ma  to  form  salts. 

Arnidil  m:iy  \n:  rcf^anJcl  as  formed  by  replacing  the  hydrogen 
ii\'tun  Ml  aidirioriia  with  negative  or  acid  radicals,  as: — 

II  fN. 

c,n.oj 

Acctamid. 
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These  bodies  are  classified  and  named  like  theamins.  Second 
ary  and  tertiary  amids,  with  very  few  exceptions,  are  unknown. 
They  dilTcr  Irom  the  corresponding  acids  in  containing  amid- 
ogen,  NH^,  in  place  of  hydroxyl,  OH.     Thus: — 


HOCjH^O. 

Acetic  acid. 

H,N— c;h,o. 

AtxtMuuA. 


HjOXO. 

Carbonic  actd. 
(H,N)CO. 

Otrhamiu  (urea). 


Acid  Amids  or  Amido-acids  are  formed  by  replacing  a 
pan  of  the  hydroxyl  in  a  polybasic  acid  by  amidogen,  NH,, 

thus: — 


NH,.HO.CO. 

Oirfaamic  acid. 


Nn,HOC,0,. 

Okamic  acuJ, 


The  hydrogen  of  the  amidogen   in   these  compounds  may  be 
further  replaced  by  hydrocarbon  radicals,  thus:  — 


phenyl  oxsmid. 


NH 


f  C-ll.O— O- 


Uippuric  acid,  or  be tuamid acetic  acid. 


Imids  differ  from  the  amids  in  containing  the  radical  NH, 


where  the  latter  has  NH^,  thus:  — 


NH,CO,OII  —  H,0  =  NHCO. 
Acid  carbanld.  Carbinld. 

The  carbamids  are  converted  by  heat  into  isomeric  bodies, 
which  may  be  regarded  as  compounds  of  nitrogen  with  a  triad 
radical,  and  known  as  nitrils,  thus:  — 

N,|  H,    *  *givesN|c,nj.ll,0«MiCN.C;nj. 


Diethyl  caibaiuid. 


Propionitril.  Eilhyl  cyanide. 


Amins. — Of  the  large  number  of  com|>ounds  which  belong 
to  this  class  of  l)odies,  we  can  only  mention  a  few  in  detail.  As 
l>eforc  mentioned,  the  amins  are  bases,  or  organic  alkalies.  They 
unite  directly  with  acids  tu  form  salts,  and,  with  plalinic  and 
auric  chlorides,  to  form  double  salts  similar  to  those  formed  with 
ammonia.  When  heated,  amins  ex|}el  ammonia  from  its  salts. 
The  lower  meml>ers  of  the  group  are  gases,  while  the  higher 
members  are  lifjuids  or  solids. 

The  amins   containing   the  lower   alcohol   radicals    bear  the 

closest  resemblance  to  NH^,  but  are  more  strongly  alkaline.      In 

some  cases  they  are  caustic.     They  have  an  ammoniacal  odor. 

They  combine  directly  with  acids,  like  NH„  to  form  salts.    They 

38 
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;*■.-...  .^      .1 


CC   Qt 


-^  t  iz^  ioU 


l : .  '.  :.-;.  :■:;..:'/  ':.r  - .  ■:'.■.• :'.:.:.  ■'.':.  ^  r-.  .  :j.--::  :<  d«:ona- 
;,-/  ":  ',.-.  '.  .■..,.,r.'.:.  *.T.  ».'::  ■•---:  .'•  .-  .  ^rir.:  tir.y'.  in  the 
.1  .'»'*  .:•/.'■.  •/.'  ,"::'•..'/:.-,.  ,z.  ;.-■-■=  --  *-r:..  ■■•t  .,\i:.z,  j  scries  of 
.ii(.,(.  ,  .i.  f.'...' :,  '.,H, 'i/.'::  ::.•:  ;..a''.c 'jT  '- H  .  N:".:cro*J5  isomers 
*  /  '  »M, *»!,;'  ii.»-  jj/iiii)  i^i-.*;^.  \V:.c'.  C'j.T...  :r.cC  "a.:.:  aciiis.  aniins 
i,ip,(/'  \u'  '.H,,  tji<- ;iji,n.oi.i'iiii  ":ya.-c-; '.:kc  NH,'.»H.  The  salts 
Mill.  't\ii.i.iit '[  .,tf  wliM'r,  i.rystallirie.  irc'i'it-ntiy  hyj:ro?copic  com- 
),..i(i.'l ..  '  I  il/  oliil/l*'  in  water.  The  (.hlorides  form  Uoublc  salts 
lit.   I'M   I,,    iliiil.ll  Ut  iS\i^('^.Vt<  \^. 

H 

llyilMMyl  Ainm./NH.O  or  Nil     ;. — Tliiscomixjund, closely 

M  |,iii  il  III  .1 nil,  iii.iy  I"'  ic^^iinlcd  :is  a  iiiolcnilc  uf  ammonia 

III  uhh  II  mil  lt\iliM|',i'ii  .ildiii  lia;i  hrrii  replaced  by  the  hydroxyl 


^ 


OKGA.NIC    BODlkS    CONTAINING    NITROGEN. 


443 


radical.  It  is  prepared  by  treating  tin  with  diluted  nitric  acid, 
or  a  mixture  of  this  and  hydrochloric  acid.  The  nascent  hydro- 
gen generated  reduces  the  acid,  and  forms  the  above  compound, 
which  combines  directly  with  the  remaining  free  acid. 

HNOj  -\-  3H,  =  H,NO  4-  2H,0. 

It  is  an  unstable  lit^uid,  not  obtainable  in  a  free  state,  and  pos- 
sesses decided  basic  pro|)erties  — ;.  a,  it  colors  red  litmus  \)A\>ct 
blue,  and  combines  directly  with  acids  to  form  salts. 


H,NO 

Hyiltoayl  umin. 


+ 


UCl        = 


NH,OH,MCI. 

Hydroclilor^itc  of  hydrvnyl  hbIb. 


The  hydrochlorate  has  l)een  used  as  a  local  application  in  cer- 
tain skin  diseases,  such  as  ttsorlasis,  lupus,  etc. 

Methylamiri,  NH^CHj,  occurs  in  certain  plants  (Afrrct/ria/is 
pertnnis),  in  the  distillate  from  bones  and  wood,  and  in  herring 
brine.  It  is  formed  in  many  decompositions  of  nitrogenous 
bodies.  It  is  more  strongly  basic  than  NH,.  It  has  a  jx>werful 
ammoniacal  odor,  is  soluble  in  water,  and  its  solution  behaves 
with  metals  like  NH^OH.  It  is  a  colorless,  inflammable  gas. 
One  volume  of  water  dissolves  1154  volumes  of  the  gas.  It 
forms  a  well-defined  series  of  methylamin  salts  with  the  acids, 
which  are  generally  crystal lizable  and  soluble  in  water. 

Dimethylamin,  NH(CHJ„  occurs  in  Peruvian  guano  and 
pyroligncous  acid. 

Trimethylamin,  N(CH3),,  is  ])rctty  widely  distributed  in 
nature,  is  found  in  herring  brine,  chenopodium,  arnica  flowers, 
and  the  blossom  of  the  jjear.  It  also  occurs  naturally  in  cod- 
liver  oil,  guano,  human  urine,  in  ergot  and  many  flowers.  It 
may  be  pre|)ared  by  the  action  of  potassium  hydrate  on  many  of 
the  vegetable  substances,  such  as  alkaltiids,  etc.  ft  is  an  oily 
liquid,  having  a  disagreeable  odor,  is  strongly  alkaline,  soluble 
in  water,  alcohol,  and  ether.  It  combines  with  acids  to  form 
cryslallizable  salts.  These  three  methylamins,  above  described, 
are  produced  by  the  putrefactive  decompusiiioii  of  animal  mat- 
ters, being  accomi^anied  by  smaller  quantities  of  other  amins,  and 
peculiar  alkaloids  known  as  ptumaines.  Il  has  been  discovered 
in  the  residue  from  the  evajwration  of  water  contaminated  with 
sewage.  Trimethylaniin  occurs  in  yeast,  and  is  frequently  ob- 
tained by  the  distillation  of  distillery  wa*ite. 

Propylamin,  NII^C,H,,  is  a  colorless  liquid,  boiling  at  50®  C. 
{\^2^  v.).     Its  hydrochlorate  has  l)een  used  in  medicine. 

Tctramcthylammonium  Hydroxide,  NOH(CH,\.   This 
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compound  is  obtained  by  decomposing  the  coiTesiK>nding  iodide, 
NlfCHj),.  It  is  a  cryst.illine  solid,  very  soluble  in  water,  a 
strongly  caustic  alkali  resembling  ammonium  hydroxide,  h 
forms  cryslallizable  salts  with  acids. 

Cholin,  Trimethyl-oxcthyl-ammonium  Hydroxide, 
NOH(CH3)j,(C,Hj()),  occurs  in  cuinbiiialion  in  the  human  body, 
in  the  complex  substance  known  as  lecithin.  It  was  first  dis- 
covered among  the  decomposition  products  of  the  bile.  It  is  a 
colorless  fluid  of  oily  consistency,  possesses  a  strong  alkaline 
reaction,  and  forms  deliquescent  salts  with  acids.  The  salts  with 
HCl,  PtCI^  and  AuCl,  are  the  most  im|)ortant.  Cholin  is  a  most 
unstable  body,  the  mere  healing  of  its  aqueous  solution  sufficing 
to  split  it  up  into  glycol,  trimeihylarain,and  ethylene  oxide.  It 
may  be  [irepared  from  the  yolk  of  eggs  by  decomfx)sing  the  resi- 
due of  the  yolk  left  after  complete  extraction  of  the  substance 
with  alcohol,  by  boiling  it  for  an  hour  with  BaO,H,.  The  Ba 
compound  is  decomposed  with  CO,  and  the  cholin  precipitated 
from  this  solution  with  PtCl^.  By  oxidation  with  nitric  acid  it 
yields  an  extremely  |X)isonaus  alkaloid,  muscarin,  C^H^^NO,. 
Cholin  it^elf  is  more  or  Uss  poisonous,  and  is  now  recognized 
as  one  of  the  ptomaines  which  occur  in  putrefying  animal 
mal  tt  rs. 

Neurin,    Tri-methyl-vinyl-ammonium    Hydroxide, 

NO-H    ]  !'  ir"  '- — I'his  substance   is  closely   related    to  cholin 

both  in  comijosiiion  and  origin.  It  is  a  decomposition  product 
of  lecithin  and  |>rotagon.  and  is  formed  by  the  putrefactive  de- 
com|>osiiion  of  animal  tissues.  It  is  one  ol  the  alkaloidal  bodies 
known  under  ihe  iianie  of  ])iomame.  It  if.  !ikc  choHn,  a  syrupy 
fluid  with  a  strong  alkaline  reaction,  and  is  extremely  soluble  in 
water.  It  funns  double  salts  with  platinum  and  gold,  similar  to 
those  of  cholin.  Neurin  is  a  much  more  powerful  poison  than 
rlnilin. 

Muscarin,  NOHit:Hj,('..H,<)  H,0,  is  closely  related  to 
cholin  and  neurin.  It  occurs  in  the  poisonous  mushroom,  j4gan'- 
CHS  muscarius,  and  is  jiroduced  during  the  imlrefactive  decora- 
|>osiuon  of  albuminoid  substamx-s.  The  free  alkaloid  occurs  in 
very  debiiueseent  crystals,  colorless,  odorless,  t:isteless.  and 
strongly  alkaline.  Il  it  soluble  in  water  and  alcohol  in  all  pro- 
|X)rtions,  sparingly  soluble  in  chloroform,  and  insoluble  in  ether. 
It  is  a  more  powerful  base  than  ammonium  hydroxide,  and  forms 
a  series  of  sails.  Like  cholin  and  neurin,  it  is  a  very  active 
{>oison.     The  symptoms  of  muscarin   |xiisoi]ing   are  salivation. 
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vomiting  and  diarrhcea,  conlraclion  of  ihe  pupils,  diminution  of 
the  rapidity  of  the  pulse,  interference  with  respiration  and  loco- 
motion, gradual  depression  of  the  heart's  action,  and  finally 
death.  Atropine  is  physiologically  antagonistic  to  muscarin  and 
diminishes  its  intensity  of  action. 

Phcnylamin,  or  Anilin,  NH^C.Hj,  is  the  best  known  amin. 
It  is  obtained  from  benzene  by  first  converting  this  into  nitro- 
benzene, by  the  action  of  concentrated  nitric  acid. 

CeH,  -f-  HNO,  =  C^HjNO,  -f  H,0. 

Nitro-benzene  is  generally  a  brown  or  pale  yellow,  strongly 
refractive  liquid,  boiling  at  22o^C.  (428"  F.);  it  has  a  burning, 
sweet  taste,  and  an  odor  resembling  that  of  bitter  almonds  and 
cinnamon.  It  is  used  in  ixrrfumery  under  the  name  of  essence 
of  mirbane.  It  is  a  violent  poison.  When  treated  with 
nascent  hydrogen,  generated  by  zinc  and  sulphuric  or  hydro- 
chloric acid,  anilin  is  produced. 

CH.NO,  -t-  3H,  =  C,H,NH,  -(-  aHA 

Nltrobenxene.  Anilin. 

The  anilin  combines  with  the  acid  present,  forming  crystal- 
lizable  salts.  Like  all  theamins,  it  acts  as  a  base,  uniting  directly 
with  acids. 

Anilin  is,  when  pure,  a  colorless,  oily,  refractive  liquid,  boil- 
ing at  182°  C.  (359°  F.),  and  is  insoluble  in  water.  It  is  the 
basis  of  a  large  number  of  beautiful  coloring  matters,  very  much 
employed  in  dyeing  and  calico  printing.  In  1858,  Perkins 
obtained  a  purple  dye,  by  acting  upon  anilin  oil  with  potassium 
dichromate  and  sulphuric  acid.  Other  colors  were  soon  ob- 
tained ;  greens,  yellows,  reds,  blues,  violets,  and  black  have  all 
been  obtained  from  anilin.  These  dyes  are  soluble  in  alcohol 
and  glycerin,  and  are  used  for  a  variety  of  purposes.  They  are 
not  very  permanent. 

Anilin  is  easily  detected  by  theadditionofasolution  of  sodium 
hypochlorite  (chlorinated  soda),  with  which  it  gives  a  purple- 
colored  solution.  Anilin  is  a  powerful  antiseptic,  especially  in 
its  action  on  the  tubercular  bacillus. 

Anilm  is  a  powerful  narcotic  poison,  whether  taken  internally, 
or  inhaled  as  a  vapor.  The  salts,  when  pure,  are  comparatively 
innoriious. 

Diamina,— Few  of  thediamins  known  are  of  importance  to 
the  physician  or  pharmacist.  Some  of  them  have  been  discovered 
among  the  products  of  the  putrefaction  of  albuminoid  substances. 
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And  it  IH  quite  probable  that  some  of  the  natural  vegetable  alka- 
loids l>clong  to  this  class  of  l>odies. 

f  H 
Pipcra2inc — Di-cthylcne-diamin,  N,  '  .,'  u  -.  =  ^H„- 

N,.-— 'I  hiH  IH  a  synthetical  cuinpound  recently  introduced  as  a 
Nfilvent  for  uric  acid.  It  is  prepared  by  the  action  of  ammonia 
on  ethylene  bromide  or  chloride. 

The  reaction  is  complex,  giving  salts  of  a  number  of  bases. 
When  thi-i  product  is  distilled,  it  \ieldsa  distillate  between  130® 
C:.  and  180^  t;.  (266*^  K  to  356*"  K)  from  which  diethylenc- 
diamin  steiutratrs. 

It  Im  tAolutcd  by  forming  adinitroso  piperazine  by  the  action 
of  a  niiriic.  This  product,  when  trt-aied  with  HCl,  evolves 
nilrouK  arid  ;ind  hydrochloraie  oi  piperazine, 

Piperazine  is  a  white,  lustrous,  crystalline  solid,  melting  at 
104  lo  107'"'  C.  (219.2°  I**,  to  224.6'^  F.)  and  boiling  at  145°  C. 
(29f  h\). 

it  in  vt:ry  soluble  in  water.  It  absorbs  water  and  CO,  fronn 
the  air  and  becomes  li<iuef>cd.  The  aqueous  solution  is  nearly 
tastelesH  and  has  a  strong  alkaline  reaction. 

The  compound  wliich  it  forms  with  uric  acid  is  17  times  more 
sohilik-  than  lithunu  urate,  it  bein^  soluble  in  50  \)3iTts  of  water. 
It  is  not  deroniposL'd  in  the  body,  nnd  is  exi  reicd  in  the  urine  as 
a  ncuirul  urate. 

The  amids  differ  from  the  amins  in  having  an  acid  radical 
where  an  amin  has  a  hydrocarbon  radical.  '1  hey  may  be  pri- 
njary.  setondary,  or  tertiary.  They  may  bemon-aniids.di-amids, 
or  iri-aniids.  The  primary  mon-amids  containing  radicals  of  the 
fatly  acid  series  are  soltd,  crystallizable  bodies,  neutral  in  reac- 
tion, V(tlaiile  without  decom]>asition,  and  are  usually  soluble  in 
alcoiiol  and  ether.  They  unite  with  acids  to  form  traits.  They 
also  unite  with  certain  alkaline  hydroxides  to  form  metallic  salts. 

Formamid,  NHjCHO,  is  a  colorless  liquia^  soluble  in  water 
and  alcohol,  boiling  at  I93''-'  C.  (377.6°  F.)  with  partial  decom- 
IK)sition.  It  is  prejjarcd  by  heating  ethyl  formate  with  an  alco- 
holic solution  o\'  ammonia  or  by  the  dry  distillation  of  ammo- 
nium formate.  Ii  combines  with  chloral  to  form  a  comi>ound 
which  has  been  introduced  into  medicine  as  a  hypnotic  under  the 
name  of  chloralamid. 

Chloralamid— Chloral-formamid—NH  •!  rriruV) 

occurs  in  the  form  of  colorless,  odorless,  faintly  bitter  crystals^ 
fusing  at  115°  C.  (239**  F.),  and   is  sparingly  soluble  in  water. 


i 
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It  requires  about  20  parts  of  cold  water,  or  ij.^  parts  of  96  p;r 
cent,  alcohol,  to  dissolve  one  part  of  the  substance.  Hot  water 
decomi>oscs  it  iiilo  chloral  hydrate  and  aninioniuin  formate.  The 
same  effect  is  produced  by  alkalies,  but  not  by  diluted  acids.  It 
is  employed  as  a  hypnotic  in  from  10  to  40  pr.  doses. 

Chtoralimid,  NH.CCIjCH,  is  a  compound  closely  related  to 
chloralaniid.  It  is  formed  by  the  action  of  ammonium  acetate 
ui>on  chloral  hydrate*  or  by  the  action  of  heat  upon  chloral 
ammonium.  It  is  a  crystalline  solid,  si)aringly  soluble  in  water, 
readily  soluble  in  ether,  alcohol,  and  in  the  fatty  oils.  When 
heated  to  about  180°  C.  (356°  F.)  ii  decomposes  into  chloro- 
form and  formamid.  It  is  very  stable,  being  unaffected  by  light, 
air,  or  moisture.  It  has  been  employed  in  medicine  as  a  hyp- 
notic, but  has  now  been  discarded, 

Acetamid,  N  4  H  ,  is  obtained  by  heating  ethylacetate 
.(C,H,0 
and  aqua  ammonia,  and  pttrifying  by  distillation.  It  is  a  solid, 
crystalline  substance,  very  soluble  in  water,  alcohol,  and  ether. 
Strong  alkalies  decompose  it  into  ammonia  and  the  acetates  of 
the  alkaline  metals. 


DERIVATIVES  OF  ANILIN. 

The  remaining  H  atoms  of  the  original  ammonia,  from  whtch 
anilin  is  supposed  to  be  derived,  may  be  replaced  by  a  consider- 
able number  of  radicals.  We  may  substitute  CI  for  the  H,  form- 
ing several  isomeric  chlor-anilins.  In  all  such  cases  the  N  is 
assumed  to  be  attached  to  C  atom  number  one  of  the  benzene 
ring.  A  large  number  of  isomeric  compounds  are  thus  produced, 
none  of  which  have  been  employed  in  medicine.  The  nitro 
derivatives,  which  niny  easily  be  formed,  are  not  employed  in 
medicine.  'Iheanilids  may  be  considered  as  a  class  of  com- 
pounds in  which  one  or  more  of  the  remaining  H  atoms  in  NH^ 
have  been  replaced  by  an  acid  radical.  They  may  also  be 
regarded  as  amids,  a  part  of  whose  reuiainiiiL^  H  of  thcamidogen 
group  has  been  replaced  by  phenyl. 


Acetanilid — AntiFcbrin- 


fC,H. 

n]c,ha 


differs  from  anilin  in 


having  the  radical  of  acetic  acid  substituted  for  one  hydrogen 
atom.  It  is  prepared  by  the  distillation  of  anilin  acetate,  or  by 
boiling  anilin  with  glacial  acetic  acid. 


A\H 
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U  occurs  in  whiter  shining  plates,  melting  at  1 12.8°  C.    (a3s' 

F. ),  and  boiling  at  292°  C.  (558°  F.). 

It  is  sijaringly  soluble  in  cold  water,  but  is  more  freely  soluble 
in  hot  water,  troni  which  it  crystallizes  on  cooh'ng.  It  is  very 
much  employed  in  medicine  as  an  antipyretic,  1  ^.,  to  lower  the 
bodily  temperature  in  fevers.  It  is  used  in  the  arts  for  the  pre- 
paration of  derivatives  of  anilin. 

It  is  prejijared  by  the  prolonged  action  of  pure  anilin  upon 
glacial  acetic  acid  at  a  high  tenijierature,  submitting  the  mixture 
to  fractional  distillation,  collecting  what  ])asses  over  at  295°  C 
(563**  F.),  and  recrystallizing  from  boiling  water. 

C;H.NH,  f  C,II,0,H  =  CjHjNHCHjO  +  H3O. 

AnUin.  Acetic  acid.  Acetic  miilin. 

It  is  official  in  the  U.  S.  P.  and  in  several  foreign  countries. 
It  is  identified  by  the  development  of  a  yellow-green  color  with 
a  green  efflorescence  Mlavanilin)  when  heated  for  some  time  with 
an  e'inal  weight  of  /CnClj.  Acetanilid  is  only  }iartly  decomposed 
in  the  animal  body,  being  excreted  in  the  urine  in  the  form  of 
complex  ])henols.  Antifcbrin  is  the  copyright  name  of  acetan- 
ilid. 


Methyl-acetanilid  —  Exalgin 


,  N   i  C^.O,  is 


produced 


by  the  substitulion  of  CH,  for  H  in  the  acetanilid.  It  is 
formed  by  the  action  of  methyl  iodide,  CHJ,  upon  sodium 
acetanilid.  U  occurs  as  a  tasteless,  crystalline  [xjwder,  with  a 
melting  point  of  100°  C  (212°  F.),  and  boiling  without  decom- 
position at  240°  to  250°  C.  (464°  to  482°  F.).  It  is  readily 
soluble  in  alcohol,  but  with  difficulty  in  water.  It  is  employed 
in  medicine  for  the  relief  of  pain,  and  is  best  given  in  capsules 
or  {KJwders. 

Hydrazins. — The  hydrazins  are  a  series  of  peculiar  bases, 
mostly  liipiid  and  closely  rc*sembling  the  amins.  They  differ 
from  them  in  containing  two  atoms  of  N  instead  of  one,  and  in 
their  ability  to  reduce  an  alkaline  copj^r  solution  (Fehling's)  in 
most  cases  even  in  the  cold.  The\  are  derived  from  diamidogcn 
or  hydrazin,  NH^NM,.  of  which  little  is  yet  known.  In  hydrazin, 
as  in  ammonia,  we  may  replace  one  or  more  of  the  H  atoms  with 
a  hydrocarbon  radical.  If  one  II  atom  be  replaced,  we  have  a 
jirimary  hydrazin;  if  two  are  rej>lat:ed,  we  have  a  secondary 
hydra/.in. 

Thus  Ethylhydrazin,  C,H^NH — NH^,  is  a  primary  hydrazin. 
Diethyl  hydrazin,  (C,Hji,=N — NH,,  is  a  secondary  hydrazin. 


I 
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Phcnylhydrazin,  C,HjNH — NH,.  is  a  colorless,  crystalline 
solid,  melting  at  23^  C  ( 73*^  K  )  to  a  (o  lor  less  oil  which  hoils  at 
233**  C.  (451*'  K.)  without  decomixjsiiion.  It  combines  with 
HCl  to  lonn  phcnylhydrazin  hydrochlorate,  CjHjN,HjHCl, 
which  forms  white,  crystalline  |»Iates.  Like  all  hydrazins,  it  is 
characteriied  by  its  strong  reducing  ixjwer,  reducing  Fehling's 
solutioti  in  the  cold.  It  is  jtrepared  by  reducing  diazo-benzene 
chloride  with  SnCl.^  and  HC.'l.  It  is  sjKiringly  soluble  in  water, 
but  soluble  in  alcohol  and  ether.  It  is  im|xjrtant  as  an  exceed- 
ingly delicate  test  for  aldehydes  and  ketones,  combining  with 
them  to  form  a  class  of  bodies  known  as  hydrazones,  and  with 
the  sugars  to  form  osazones.  Most  ot  these  compounds  are 
solid  and  crystalline,  and  may  easily  be  recognized.  They  are 
employed  in  the  separation  of  the  sugar  from  one  another.  ^See 
Images  362-366. 

Hydracetin  —  Pyrodin  —  Acetyl  -  phenyl  -  hydrazin  — 
C,HjNHNHCH,CO,  is  prepared  by  heating  phenylhydrazin  and 
acetic  anhydride,  dissolving  the  pri>duct  in  boiling  water  and 
crystallizing.  It  is  also  prepared  by  the  prolonged  action  o( 
glacial  acetic  acid  on  phenylhydrazin,  distilling  with  an  excess 
of  acid  and  crystallizing.  It  occurs  as  a  white,  tasteless  odor- 
less, crystalline  powder,  melting  at  128''  C.  (262.4"*  F. )  and 
soluble  in  50  ]>arls  of  water.  When  boiled  with  HCl  it  splits  up 
into  acetic  acid  and  phenylhydrazin  hydrochlorale.  Like  phen- 
acetin  and  meihacetin,  it  forms  a  colorless  solution  with  H^SO^, 
which  turns  red  on  the  addition  of  HNO,.  It  is  a  strong  reduc- 
ing agent,  reducing  silver  nitrate,  AgNO,,  and  gold  chloride, 
AuCLj,  precipitating  the  metals.  It  has  Ixren  recommended  as  an 
antii>yretic  and  for  external  use  in  skin  diseases.  It  is  a  well- 
marked  blood  poison,  destroying  the  blood  corpuscles.  For  this 
reason  care  must  be  exercised  in  its  use. 

Phcnacctin  —  Acctphcnctidin  —  N 


f(.H-0-C,H. 
|C,H,0 


As  will  be  seen  from  a  comparison  of  the  formula:,  this  compound 
is  closely  related  to  acetanilid.  It  is  prejjared  from  sodium 
Ijara-nitro-pheiiol  by  converting  it  into  |)ara  nitro-phenelol  by  the 
action  of  ethyl  iodide.  This  is  reduced  to  paraphenetidin,  which 
on  prolonged  boiling  with  glacial  acetic  acid,  yields  phenacetin. 
Phenacetin  occurs  as  colorless,  tasteless,  inodorous,  glistening, 
scaly  crystals,  melting  at  135°  C.  (275°  F  ).  It  is  sparingly 
soluble  in  cold  water,  l>ul  soluble  in  alxiiit  70  parts  of  hot  water. 
It  is  more  soluble  in  alcohol.  It  is  very  much  employed  in 
medicine  as  an  antipyretic,  and  for  the  relief  of  pain,  in  doses 


L 


4fi0 


MEDICAL    CHEMISTRY. 


Up  t*5  '5  S^'  It  has  slight,  if  any,  toxic  properties.  It  may  be 
i(icntiri(.'<l  i>y  tiie  prodiitlion  of  a  deep  red  color  with  chromic 
acid,  when  added  to  the  d nig  dissolved  in  diluted  hydrochloric 
acid.  Its  freedom  from  acetanilid  may  be  proven  if  its  aqueous 
solution  does  not  become  turbid  on  the  addition  of  Br.  water. 
Sulphuric  acid  should  dissolve  it  without  color.  Heated  with 
free  access  of  air,  it  burns  off,  leaving  no  residue. 
Antipyrin— Phcnazonc  (B.  P.)— Phcnyl-dimcthyl-py- 

razolon-C.H^N  I  v^H  CCH '  **  prepared  by  the  action  of 
phenylhydrazin  and  acetylactic  acid  by  which  phenylhydrazin 
acetylactate  is  formed.  By  the  action  of  heat,  this  separate*  into 
ethyl  alcohol  and  phcnyl-methyl-pyrazolon.  By  warming  this 
comf»otmd  with  methyl  iodide,  a  dimethyl  phenylpyrazolon  is 
produced.  Antipyrin  forms  small,  lustrous,  rhombic  needles, 
or  plates,  which  arc  odorless  and  have  a  bitter  tasie.  It  melts  at 
113*^  C.  (235°  K.),  and  is  readily  soluble  iu  water,  alcohol  and 
chloroform,  but  is  less  solubk'  in  ether.  On  exixjsure  to  the  air 
it  takes  up  a  small  quantity  of  water  and  thus  melts  at  a  lower 
tcmiJenuure.  It  is  decomposed  by  stron^^  NaOH  solution,  the  base 
seixirating  as  a  milky  oil  speedily  collecting  into  oil  globules.  The 
aqueous  solution  exhibits  nu  alkaline  reaction  with  litmus  paper, 
but  does  so  with  methyl  orange.  It  may  he  quantitatively  estimated 
by  titration  in  an  aqueous  or  alcoholic  solution  with  methyl  orange 
as  an  indicator,  It  is  a  strong  univalent  bsse.  Its  salts,  most  of 
which  arc  solultle,  do  not  cryslallizc.  Several  of  these  salts  have 
been  n.sed  in  medicine.  Thebenzoale,  obtained  by  the  addition 
of  antipyrin  to  a  boiling  solution  of  benzoic  acid,  has  a  pungent 
taste  and  slight  odor  ol"  benzoic  acid  It  is  slightly  soluble  in 
water,  but  freely  so  in  alcohol  and  ether  The  salicylate,  or 
salipyrin,  is  the  only  one  of  these  5:ihs  which  has  been  much  used 
in  medicine.  It  is  prejjared  by  the  direct  combination  of  antipyrin 
and  salicylic  acid.  It  occurs  as  a  white,  coarsely  crystallized, 
odorless  powder,  with  a  harsh  sweetish  taste,  almost  insoltd>le  in 
water,  but  readily  soluble  in  alcohol,  from  which  it  crystallizes  in 
hexagonal  tables.  Ii  has  been  recommended  as  a  remedy  in  the 
treatment  of  rheumatism  It  also  forms  com|>ounds  with  phenol 
Phenopyrin  fs  j>rL'iMred  from  equal  parti  of  crystallized  phenol 
andantijjyrin.  Pyrogallopyrin,  naphthopyrin  and  resopy- 
rin  arc  com|iounds  of  j)yrogallic  acid,  naphlUol,  and  resorcin, 
resj>ectively,  with  antipyrin.  Antipyrin  forms  several  compounds 
with  chloral.  (Jne  of  these  has  been  usevi  in  medicine  under  the 
name  of  hypnal.     Jodopyrin  is  a  substitution  [^ruduct  of  anti- 
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pyrin,  in  which  one  atom  of  H  of  the  benzene  nucleus  has  been 

replaced  by  iodine.     The  formula  is  C„HJ — N     w/^'ij  cru 

It   occurs   as   a   tasteless,    colorless,    crvstaUine   powdtT.     Il    is 
slightly  soluble  in  cold,  and  readily  in  hot  water. 

Tests. — ^Anlipyrin  gives  a  delicate  and  characteristic  blood-red  coloration 
with  hcjClg.  Ihe  reaciiun  is  distiticl  in  a  solution  of  I  in  2ooo.  Tl»e  red 
color  is  dischai^ed  by  HCl,  This  reaction  is  [jiven  at  once  by  urine  containing 
antipyrin.  On  cautiously  adding  a  solution  of  iodine  in  potassium  iodide  la  a 
solution  of  antipyrin,  a  permanent  brlckred  prccipiUle  is  prf.>duccd,  perceptible 
in  a  v>Uilion  containing  1  part  in  20,ooo.  Antipynn  gives  a  while  precipitate 
with  iMilton's  reagent.  When  heated  with  strong  H  NO,  until  reacUon  com- 
mences, and  the  liL{Liid  then  allowed  to  cool,  a  purple  color  is  produced.  On 
adding  water  a  violet  precipitate  h  thrown  down.  This  reaction  is  probibly 
due  to  the  formati  >n  of  nitrous  acid,  which  gives  with  antipyria  a  beautiful 
green  coloration,  perceptible  in  I  part  in  20,000.  When  the  li'iuid  is  heated 
il  becomes  pur{)le-r<:d.  In  strong  snlulmns,  small  green  needle-shaped  crystab; 
occur.  These  consist  of  iso-nitroso  antipynn,  C,,H,jN,0,.  Nttroso  anti- 
pyrin eKplo<les  when  heated  to  about  joo''  C.  (jq2°  K.).  it  is  said  to  be 
(loisonous.  A  green  coloration  nf  anlipyrin  with  nitrous  acid  ihu^  becomes  a 
delicate  te^  but  is  common  to  all  pyrazolons.  With  spirit  of  nitrous  ether, 
antipyrin  rapidly  acquires  a  dark-green  color,  and  green  needles  of  nitroso 
antipyrin.  separate.  This  green  compound  has  been  claimed  10  be  poi-ionous, 
but  experiments  upon  rabbits  and  d  'gs  seem  to  show  that  4  grains  produce  no 
perceptible  poisonous  cficcls.  From  the  variety  of  reactions  which  antipyrin 
may  underf^o,  there  arc  a  considerable  number  of  medicines  which  are  incom- 
{mtible  whh  it.  It  should,  therefore,  generally  be  given  by  itself,  and  not 
mixed  with  other  substances. 


AMIDO-ACIDS,  OR  ACID   AMIDS.  AND  THEIR 
DERIVATIVES. 

These  compounds  may  be  regarded  as  amids  formed  by  re- 
I)Iacing  a  part  of  the  hydrogen  of  a  radical  of  an  organic  acid  with 
amidogen.  They  exhibit  both  acid  and  basic  properties.  Many 
of  these  compounda  and  their  derivatives  exist  in  the  htinian 
body.     The  simplest  representative  of  the  amido-acids  is  Gly- 

ch  rooH 

It  is  prep  ired  by   heating  mjuochloracetic  acid  with  ammonia, 

CH,CICO,H  +  aS'II,  ^  CH,Nlf,COOn  -f-  Nn.CI, 

or  boiling  glue  with  alkalies  or  acids.  H,SO,  is  added  to  tht 
mas-i  to  separate  the  alkali  as  a  sulphate.  It  is  then  evaporated 
to  dryness,  and  the  residue  exhaust.'d  with  alcohol  and  alio  ve J 
to  crystallize.     It  may  als:)  be  prepared  fro.ni  ox  bile  and  from 
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uric  acid,  or  by  the  action  of  formaldehyde  upon  a  solution  of 
hydrocyanic  acid.  CH,()  |  IICN  1  H,0  NHA'HX'OOH. 
It  appears  as  large,  colorless,  transiKirent  crystals,  having  a  sweet 
taste  and  meliing  at  170^  C.  (338"  F.)  and  decomposing  at 
higher  temperatures.  It  is  siKiringly  solnl>Ie  in  cold  water,  but 
more  solnble  in  warm.  It  is  insoliiLile  in  alcohol  and  ether  and 
has  an  acid  reaction.  It  combines  with  acids  to  form  crystalline 
salts,  which  are  generally  decom|K>sed  by  boiling  water  or  by 
Ircatment  wilh  strong  acids.  When  heated  nnder  pressure  with 
benzoic  acid,  it  forms  hippuric  acid.  Its  acid  function  is  more 
marked  than  its  basic.  It  expels  carbonic  and  acetic  acids  from 
many  of  their  salts.  With  ferric  chloride,  FejCI„,  it  gives  an 
intense  red  colored  solution,  discharged  by  acids  and  returning 
on  neutralization.  With  phenol  aud  NaOH  solution,  it  gives  a 
blue  color  similar  to  that  given  by  ammonia.  It  gives  a  charac- 
teristic copper  salt  like  most  of  the  amido-acids.  Thissalt  serves 
for  the  separation  of  these  arids. 

Glycocol  does  not  occur  in  the  free  state  in  the  animal  l:*ody, 
but  enters  into  the  com[)osition  of  several  important  substances, 
more  esjecially  hippuric  and  glycocholic  acids.  It  exists  in 
combination  in  die  gelatins,  and  with  cholic  acid  as  sodium 
glycocholaie  in  the  bile. 

Hippuric  Acid— Benzamidacetic  Acid — 

N— C^HjO.OH.     This  acid  is  found  in  the  urine  of  herbivorous 
\H 

animals,  and  in  small  quantity  in  human  nrine.  When  benzoic 
acid  or  oil  ol"  bitter  almonds  is  taken  internally,  hippuric  acid 
ajjpears  in  the  urine.  It  is  generally  preiiared  by  evaporating  the 
urine  of  the  cow  or  horse  to  one-tenth  iLs  volume,  and  precipi- 
tating wilh  hydrochloric  acid.  It  forms  large,  rhombic  prisms, 
soluble  in  hot,  but  sparingly  in  cold  water;  soluble  in  alcohol, 
but  not  in  ether.     The  hippurates  resemble  the  benzoatcs. 


Mcthyl-glycocol — Sarcosin,  N  \  CH, 


is  found  only 


(^CH.COOH 
in  combination  in  the  hinnan  body.      It  is  of  some  interest  as 
having  been  employed  in  experiments  to  determine  the  origin  of 
urea  in  the  body.     It  combines  with  cyanamid  to  (orm  crealin. 
It.  therefore,  enters  into  the  com[H>sition  of  creatin. 


Taurin  —  Amido-ethyl-sulphonic   Acid — N 


OH,  occurs  in   traces  in  the  juice  of  muscles  and 


\  C,H,SO,. 
of  the  lung. 
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It  is  known  chiefly  as  a  constituent  of  taiirocholic  acid,  one  of  the 

characteristic  biliary  acids,  especially  of  the  carnivora.  It  crys- 
tallizes in  colorless,  four  or  six-sided  prisms.  It  is  readily  sol- 
uble in  water,  less  so  in  alcohol.  Its  solutions  are  neutral.  It 
is  a  very  stable  comixjund,  resisting  a  temperature  of  less  than 
240°  C,  (464°  F  ),  and  is  not  decomposed  by  diluted  alkalies  or 
acids  even  on  boiling.  The  metallic  salts  do  not  precipitate  it. 
It  may  be  prepared  from  ox  bile  by  boiling  for  several  hours 
with  diluted  HCl.  A  resinous  scum  separates,  and  the  bile  acids 
are  then  precipitated  from  the  liquid  with  lead  acetate,  the  ex- 
cess of  lead  being  removed  with  H,S.  The  filtrate  from  the 
PbS  is  concentrated  and  set  aside  to  crystallize.  It  is  purified  by 
recrystallization.  When  taurin  is  introduced  into  the  aliment- 
ary canal,  the  larger  part  appears  in  the  urine  in  combination 
with  carbamic  acid  as  tauro-carbamic  acid.  When  injected  sub- 
cutaneously,  it  is  largL-ly  excreted  in  an  unaltered  form. 
Crcatin  — Methylguanidinacctic  Acid — 
— H     N\CH,j.CH,.COOH 


N  J=' 


\ 


NH, 


rC^H^NjO,, — When  sarcosm  is 


treated  with  cyanamid,  crcatin  is  produced.  When  cyanamid  is 
treated  with  boiling  baryta  water  it  takes  up  a  molecule  of  water 
and  forms  urea. 

CO(Nn,V 

Urea, 


CNNH    +  up 

Cjrnnaniiu. 


When  crcatin  is  similarly  treated,  it  yields  sarcosin  and  nr^a. 
showing  the  relation  between  urea  and  crcatin,  which  body  is 
probably  otie  o(  the  sources  of  urea  in  the  human  body. 
Crcatin  occurs  characteristically  in  the  muscles  and  hence  in 
meat  extracts.  The  amount  is  variable,  but  may  be  taken  as 
from  0.2  to  0.3  per  cent,  of  the  weight  of  the  muscle.  It  is  also 
found  in  nervous  tissues  and  in  several  other  tissues  of  the  body. 
It  may  also  be  found  in  the  urine^  where  it  is  believed  to  be 
derived  from  creatinin.  Crcatin,  when  pure,  occurs  in  white, 
OfKHjue,  colorless,  transjiarent  crystals.  It  is  soluble  in  75  parts 
of  water,  slightly  ^hible  in  alcohol,  and  insoluble  in  ether.  Its 
solutions  are  neutral  in  reaction.  Creatin  is  a  weak  base,  form- 
ing crystalline  compounds  with  some  of  the  acids.  It  is  mo.it 
easily  prep:irrd  from  extract  of  I)eef  which  is  dissolved  in  water, 
precipitated  with  basic  acetate  of  lead,  fdtered,  and  the  lead 
separated  from  the  filtrate  with  H,S,  concentrated  at  a  modcr.itc 
tem]>eralure  to  a  syrup,  and  set  aside  to  crystalliic.  As  staled 
above*  crcatin  may  easily  be  derived  from  creatinin,   and   the 
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reverse.  Creatin  very  readily  loses  a  molecule  of  H,0,  and 
thus  becomes  Creatinin,  C\H,NjO.  Ii  occurs  nornjally  as  a 
constant  con!>titut;nl  of  the  urine,  varying  in  amount  from  o  5  to 
4.9  gmis  [)cr  day,  according  to  the  amount  of  meat  eaten.  It 
crystallizes  in  colorless  prisms  or  tables  according  to  the  condi- 
tion in  which  it  is  crystallized.  It  frequently  assumes  the  j^cu- 
liar  whetstone  shape  of  uric  acid  crystals.  It  is  readily  soluble 
in  cold  water,  and  alcohol,  but  is  scarcely  soluble  in  ether.  Its 
solutions  arc  usually  alkaline,  and  it  acts  as  a  powerful  base, 
forming  compounds  with  the  acids  and  salts  which  cr)'stallJ2C 
well.  It  is  jirecipitated  from  its  solutions  with  ZnCI,,  in  the 
form  of  a  crystalline  precipitate  or  warty  lumps  of  aggre- 
gated crystals.  This  com|)ountl  is  formed  whenever  the  solutions 
are  brought  together  in  a  ntiitral  and  somewhat  concentrated 
form.  The  addition  of  alcohol  to  the  solution  renders  the  prc- 
<:i[)itaTe  moro  comjtlete.  This  comiwund  wilhZnCl,  is  employed 
as  a  characteristic  test  for  creatinin. 

Leucin — Amido-caproic  Acid,— C^H„NO„  is  a  product 
of  the  deconnjosilion  of  proteids  and  gelatin  l>y  either  boiling 
acids,  caustic  alkalies,  paucreatic  digestion,  or  putrefactive  fer- 
mentation. It  occurs  normally  in  variable  amounts  in  the  jjan- 
creas,  spleen,  thymus,  thyroid,  liver,  and  salivary  glands,  also  in 
plants,  such  as  bulbs,  tubers,  and  seeds,  where  reserved  material 
is  stored.  It  is  most  easily  prepared  by  the  pancreatic  digestion 
of  proteids,  when  it  is  produced  in  v]uantities  of  from  S  to  10  per 
cent,  of  the  proteid  digested,  and  is  then  always  accompanied  by 
tyrosin.  It  sometimes  occurs  in  the  urine,  particularly  in  cases 
of  acute  yellow  atrophy  of  the  liver,  although  it  does  not  always 
occur  in  this  disease.  Leucin  formA  yellow  brown  spheres  con- 
sisting of  masses  of  needle-shaped  crystals,  soluble  in  water, 
slightly  soluble  in  alcohol,  and  insoluble  in  ether.  Under  the 
microsco|>e  the  s|jheres  resemble  fat  globules.  When  pure  it  forms 
very  thin,  white,  glistening  crystals.  Leucin  is  very  soluble  in 
the  presence  of  acids  and  alkalies,  the  acid  solution  l»eing  Isevoro- 
tatory,  the  alkaline  solution  being  dextrorotatory.  Whea  heated^ 
leucin  decom])oses  into  CO,  and  amylamin, 

With  HI  it  gives  caproic  acid  and  ammonia, 

C,H„NO,  4-  aHF  ^  C,H„0,  +  NH,  -f  T,. 

With  HjSO^  it  gives  ammonia,  NH,,  and  valerianic  acid. 
With  potassium  ixrrmanganate  it  gives  oxalic  acid,  carbonic  acid. 
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valerianic  acid,  and  ammunia.  It  is  probable  that  similar  de* 
compositions  occur  in  the  human  body,  h  is  probably  one  of 
the  intermediate  products  in  ihe  tormalion  of  urea. 

Tyrosin  —  Amido-oxy-phenyl-propionic  Acid.  —  Pro- 
pionic acid  has  ihe  formula  C^H/Jj.  Amido-proi)ionic  acid  has 
the  fomiula  C,HjNH,Oj.  t)xv-propionic  acid  has  the  formula 
.C,H^(C,H,OH  jO,.  If  another  H  in  this  formula  be  replaced  by 
NH,  we  get  QHX,H./NH,)COOH,  which  is  the  formula  of 
tyrosin.  Tyrusin  always  accompanies  Icucin,  though  in  less 
amount,  as  a  product  of  ihe  pancreatic  digestion  of  proieids,  but 
not  of  gelatin,  it  is  also  a  product  of  the  putrefactive  decom- 
position of  proteids  and  gelaiin,  as  well  asof  the  action  of  boiling 
mineral  acids  and  alkalies.  It  is  found  normally  in  the  {xincreas  and 
some  other  tissues.  It  occurs  in  the  urine,  together  with  leucin, 
in  phosphorus  poisoning,  and  certain  diseases  of  the  liver,  esjjcc- 
ialty  ill  yellow  atroi>hy.  It  is  also  present^  along  witii  leucm,  in 
many  plant  tissues.  Tyrosin  crystallizes  in  very  fine  needles, 
usually  collected  together  in  feathery  masses.  The  crystals  arc 
colorless,  tasteless,  and  odorless,  'i  hey  are  sparingly  soluble  in 
cold  water,  almost  insoluble  in  alcohol,  and  quite  insoluble  in 
ether.  I'hey  are  readily  soluble  in  acids  and  alkalies.  It  may 
be  obtained,  along  with  Icucin,  by  boiling  horn  shavings  with 
H,SO^  (5  o*^  ^cid  to  13  of  water).  The  H,SO,  is  sei>aratcd  with 
lime,  and  the  filtrate  from  the  CaSO^  evajMjrated  down  and  crys- 
tallized. It  is  jturified  by  recrystallizing  from  boiling  water.  It 
is  separated  from  leuciii  by  re|ieated  crystallization,  taking  advan- 
tage of  the  great  solubility  of  leucin  and  the  slight  solubility  of 
tyrosm.  When  heated  with  Millon's  reagent,  t) rosin  yields  a 
brilliant  crimson  or  pink  coloration.  If  moistened  on  a  watch 
glass  with  strong  H,SO^  and  warmed  for  five  or  ten  minutes  on  a 
water-bath,  it  forms  lyrosin  sulphonic  acid  and  turns  pii<k. 

Cystin— Amido-sulpho-lactic  Acid.— CjHjN.SOj-CjH^ 
(  H;S)(  NHj^f ),. — It  is  a  t:unstttuent  of  rare  urinary  calculi  occur- 
ring in  men  and  dogs.  It  may  also  occur  in  renal  concretions. 
It  is  occasionally  fotmd  in  the  urine,  from  which  it  se[)arates  as  a 
sediment  on  standing.  It  is  prepared  from  this  sediment,  or 
from  a  cystic  calculus,  by  solution  in  ammonia  and  crystallizing. 
It  crystallizes  in  regular  six  sided  tables,  characteristic  in  appear* 
ance.  It  is  insoluble  in  ether,  alcohol,  and  water,  but  is  readily 
soluble  in  NH/MI.  When  boiled  with  NaOH.  a  sulphide  of 
soiliimi  is  ol)taine(l  whit  h  gives  a  dark  stain  on  silver  coin. 

Aspartic  Acid,  C\HjNOj,  is  amido-succinic  acid.  It  is 
obtained  from  asj>aragin  which  occurs  in  plants. 
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Glutamic  Acid,  C^H^NO^,  is  amido-glutaric  acid. 
Carbamic  Acid,  or  atnido-formic  acid,  NH^CO.OH,  is 

not  known  in  the  free  state.  These  three  acids  are  products  of 
the  decomposition  of  proteids.  Carbamic  acid  is  of  inleresi  on 
account  of  the  important  part  it  is  sup{>osed  to  play  in  the  forma- 
tion of  urea  in  the  animal  body.  It  may  be  formed  by  the  direct 
union  of  dry  NH^  and  CO,,  a  second  molecule  of  NH,  uniting 
with  it  at  the  same  time  to  form  the  ammonium  carbamate,  thus: 

aNH,  -f  CO,  ^  NH^(CO,Niy. 
Amrnonium  carWnutc. 

By  simple  dehydration  this  salt  yields  urea, 

NHjNlijCO,  »  Hfi,  H-  (NHjljCO. 

Ammoniuni  Carbamate  is  extremely  soluble  in  water,  in 
which  sohition  it  is  gradually  converted  into  the  carbonate. 
When  it  is  heated  to  60^  C.  (140°  F.),  it  decomposes  into  NH, 
and  CO,;  but  when  heated  under  pressure  at  130^  to  140*  C 
{266''  to  2S4*  F.),  it  yields  urea. 

Urea — Carbamid— (NH,),CO,  is  the  chief  nitrogenous  con- 
stituent of  urine.  The  urine  of  birds  contains  a  srarill  quantity. 
When  on  a  meat  diet  the  average  normil  human  urine  contains 
from  2.5  to  3.5  per  cent.,  the  average  diily  excretion  being  about 
30  grms.  It  is  also  found  in  minute  quantities  in  normal  blood, 
serous  fluids,  lymph,  perspiration,  and  the  aqueous  humor.  It 
is  also  met  with  in  the  liver.  It  crystallizes  from  a  concen- 
trated solution  in  the  form  of  long,  thin,  glittering,  needle- 
sha[>ed  crj-stals.  If  deposited  sloivly,  it  forms  four-sided  prisms 
with  pyramidal  ends  They  are  anhydrous  Urea  is  very  solu- 
ble in  cold  water,  less  soluble  in  alcohol,  and  insoluble  in  pure 
ether  and  petroleLim  ether.  It  possesses  a  somewhat  bitter,  cool- 
ing taste,  resembling  (hat  of  saltpetre.  It  may  be  prepared 
from  the  urine  by  conceiUratin':;  to  a  syrup,  extracting  the  resi- 
due with  boiling  alcohol,  and  concentrating  the  a'coholic  ex- 
tract by  slijvv,  spontaneous  evaporation,  until  the  urea  crystal- 
lizes out.  It  is  then  purified  by  rccrysLalli/-atiun  from  alcohol, 
decolorizing  with  charcoal  if  necessary.  (*r  the  urea  may  be 
precipitated  as  nitrate  by  the  addition  of  nitric  acid  to  the  con- 
centrated and  cooled  urine.  The  nitrate  is  then  decomposed 
by  sus[)ending  it  in  water  and  adding  barium  carbonate.  The 
urea  is  then  crystallized  as  before.  It  may  be  prepared  synthet 
Cally  in  several  ways.  The  most  convenient  method  is  by  mixing 
e<|ual  rpiantities  of  ammonium  sulphate  and  potassium  cyanate. 
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The  ainuionium  cyanale  thus  formed,  on  Iwing  evaporated  to  dry- 
ness, is  transfonr.cd  into  urea,  NH,CON  =^  NH,C'ONHj.  This 
synthesis  was  performed  by  WOhler  in  1828,  and  was  the  first 
substance  of  animal  origin  that  was  artificially  prepared,  and 
may  be  regarded  as  the  beginning  of  synthetic  chemistry.  Urea 
forms  well-defined  salts  widi  both  bases  and  acids.  The  nitrate, 
(NH,),CO.HNO,,  is  easily  obtained  from  urine  by  evajwrating 
it  down  to  about  one-fourth  its  volume,  adding  pure  nitric 
acid,  and  keeping  the  soluiion  cool.  The  crystals  will  separate 
in  a  few  minutes  in  the  form  of  rhombic  tables,  frequently 
aggregated  into  masses.  The  crystals  are  only  slightly  soluble 
in  HNO,  or  alcohol,  but  are  soluble  in  water.  The  cxylate  of 
urea  cry&tallizes  out  in  rhombic  tables,  clojicly  rescnil>ling  those 
of  the  nitrate,  and  under  the  same  conditions.  Of  the  many 
salts  which  urea  forms  with  bases  and  salts,  that  which  it  forms  with 
mercuric  nitrate  ts  important,  because  this  salt  is  used  as  a  reagent 
for  the  quantitative  estimation  of  urea.  When  a  solution  of  mer- 
curic nitrate  is  added  to  one  of  urea,  a  precipitate  is  formed  as 
long  as  urea  remains  in  solution.  Urea  may  be  heated  dry  at 
about  120°  C.  (248^  F.)  without  decomposing,  but  at  about 
132  6*^  C.  (271*^  F.)  it  gives  off  ammonia,  and  at  150''  C. 
(jo>°  F.)  it  is  converted  largely  into  biuret.  2(NH,)^C0  ^= 
NH,CONHCONH,  -\-  NH,.  On  heating  to  a  higher  tempera- 
ture (about  200**  C.  (392°  F.)  )  it  is  largely  converted  into  c)an- 
uric  acid.  When  boiled  in  water  with  strong  H^SO^  or  alkalies, 
it  gradually  absorbs  two  molecules  of  water,  and  is  converted 
into  carbonic  acid  and  ammonia.  A  similar  change  is  produced 
under  the  influence  of  cenain  micro-organisms,  which  are  found 
in  urine  undergoing  the  alkaline  fermentation.  The  best  known 
of  these  is  the  micrococcus  urctE,  from  which  a  soluble  hydrolytic 
enzyme  may  be  extracted,  The  most  prolific  source  of  the  urea 
enzyme  is  the  mucous  urine  passed  in  intlammatory  diseases  of 
the  bladder.  In  these  cases  the  enzyme  seems  to  be  associated 
with  mucin,  and  is  presumably  secreted  by  the  mucous  num- 
brane.  This  explains  why,  in  all  intlammatory  diseases  of  the 
bladder,  the  urine  so  readily  imdergoes  the  alkaline  fermentation. 
When  treated  with  nitrous  acid,  urea  undergoes  decomposition 
into  COj,  N,  and  H^O.  A  similar  decomposition  is  obtained  by 
the  action  of  NaClO  or  NaOBr. 

(NH3),CO  +  jNaBrO  =  jNaBr  -|-  CO,  -\-  N,  +  all.O. 

Since  the  volume  of  N  evolved  is  constant  for  a  given  weight  of 
urea,  this  reaction  is  made  the  base  for  the  quantitative  cstima- 
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tion  of  urea  in  urine.  It  maybe  detected  in  solution  by  evapor 
alien  with  nitric  acid  or  oxatic  acid,  and  exaniii\ing  the  crystals 
under  a  lens.  Mercuric  nitrate  sliould  give  a  precij)itate  in  the 
absence  of  sodium  chloride  in  excess.  Yellow  nitrous  acid 
should  produce  an  elTervescence.  With  furfurol  and  hydrochloric 
acid,  in  not  too  dilute  a  solution,  urea  gives  a  play  of  colors  pass* 
ing  rapidly  from  yellow  through  green,  blue,  violet,  and  hnally 
pur[)le.  The  estimation  of  urea  will  be  considered  in  a  chapter 
on  the  examination  of  urine. 

I'he  origin  of  urea  in  the  body  has  been  the  subject  of  a 
great  deal  of  discussion  and  experiment.  There  is  no  doubt  that 
its  origin  is  in  the  decomposition  of  muscular  and  other  tissues. 
The  immediate  antecedents  of  urea  are  not  so  clearly  known.  It 
is  supposed,  however,  that  creatin,  treatinin,  glycin,  leucin,  and 
other  members  of  the  amido  acid  class  are  the  intermediate  pro- 
ducts between  the  proteids  on  the  one  hand,  and  urea  on  the 
other.  The  seat  of  the  changes  of  these  amids  into  urea  is  sup- 
posed to  be  largely  in  the  liver.  In  the  case  of  leucin,  the  evi- 
dence of  thi.s  is  direct,  and  there  is  increasing  evidence  that  this 
organ  is  largely  concerned  in  the  synthetic  changes  which  lead 
to  the  formation  of  urea  in  mammals,  and  of  uric  acid  in  birds. 
Schroeder  has  shown  that  the  conversion  of  (NH^)jC()j  into  urea 
occurs  in  the  liver,  and  Minkownki  has  shown  a  similar  rela- 
tion to  the  formaiion  of  uric  acid  in  birds.  When  the  liver  is 
diseased,  leucin  and  tyrusiu  escape  conversion,  and  appear  in  the 
urine,  and  at  the  same  time  there  is  a  marked  diminiiiion  in  the 
excretion  of  urea.  When  urta  is  given  to  birds  it  apfKiars  exter- 
nally as  uric  acid.  These  changes  do  not  occur  after  extirpating 
the  liver. 

NH-CO 

Uric  Acid,  C^H^N^O,,  co    c-nh\ 


is  a  common  constitu- 


N^J!-- 


NH/ 


CO 


ent  of  urine  in  birds  and  reptiles,  and  occurs  sparingly  in  this 
secretion  in  men  and  most  mammals.  It  is  present  also  in  the 
spleen,  and  traces  have  been  fijund  in  various  other  tissues.  It 
sometimes  occurs  as  a  concrelion  or  calculus  in  the  bladder  and 
kidneys.  In  goat,  accumulations  of  uric  acid  salts  deposit  in 
certain  tissues,  esj>ecially  about  the  joints.  When  pure,  it  is  a 
colorleia,  crystalline,  tasteless  powder  without  odor.  Its  crystal- 
line form  is  very  variable,  the  sha[»e  of  the  crystals  depending 
upon  the  condition  of  the  fluid  at  the  time  of  crystallization.  To 
the  naked  eye^  these  crystals  when  separated   from  the  urine, 
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always  appear  reddish  or  yellow  in  color,  but  under  ihe  micro- 
scope they  apjiear  to  be  colored  yellow  throughout.  Uric  acid 
is  remarkably  insoluble  in  water,  one  |>art  requiring  15,000  pans 
of  cold  water  and  1,600  parts  of  boiling  water  to  effect  solution. 
It  is  insoluble  in  ether  and  alcohol.  H,SO,  dissolves  it  in  the 
cold  without  deconijtosition,  as  do  aUo  many  of  the  alkaline  salts^ 
and  the  caustic  alkalies.  Ammonia,  however,  does  not  dissolve 
it.  It  is  fairly  soluble  in  glycerin  and  to  some  extent  in  solutions 
of  lithium  carbonate.  It  occurs  in  the  urine  also  in  the  form  of 
the  neutral  and  acid  urates  of  sodium,  the  latter  of  which  appears 
as  a  sedimenl.  aud  is  Irequenlly  spoken  of  as  lithates,  and  the 
term  lithic  acid  is  sometimesemployed  instead  uf  unc  acid.  In 
urine  that  has  undergone  alkaline  fermentation,  ammonium  urate 
will  frequently  be  found,  occurring  in  the  furm  of  small,  brown, 
nearly  opaque  balls  with  radiating  spicules  easily  seen  with  a  mi- 
croscope of  moderate  power.  The  amount  of  uric  acid  in  human 
urine  is  very  small.  Pathologically,  it  is  found  in  considerable 
quantities.  It  may  be  prepared  from  human  urine  by  adding 
from  2  to  3  per  cent  of  strong  HCl,  and  allowing  the  solution 
to  stand  for  24  hours  in  a  cool  place.  The  crystals  form  on  the 
sides  of  the  containing  vessel  and  may  be  filtered  out.  It  is 
usually  prepare.}  from  guano  or  snake  excrement.  From  the 
latter  it  ts  obtained  by  boiling  with  one  |)art  of  KOH  to  20  of 
water  as  long  as  NH^  is  evolved,  when  the  solution  is  filtered 
On  cooling,  CO  is  passed  througn  the  solution,  when  the  acid 
urate  of  |K)tassium  precipitates.  This  salt  is  dissolved  in  KOH, 
and  carefully  neutralized  with  HCl,  when  the  uric  acid  precipitates. 

Detection  of  Uric  Acid. — The  acid  is  usually  detected  in  the  urine  by  the 

microscopic  appearance  of  iis  cry^tats,  It  occun  in  a  variety  of  fornu,  all  of 
which  &re  more  or  less  colored  when  sepu-^ted  from  the  urine,  and  appears  as 
rhunilfic  plates,  or  in  whet^tonc-shaped  ccystals,  occnsiunally  in  the  form  uf 
dumbbells,  and  often  in  groups  embedded  m  one  anolhrr.  It  may  l>e  dctrclcd 
also  by  cva{M>ratin^  the  suspected  solution  nearly  to  dnncss,  cooling,  adding 
a  few  dn>ps  uf  UNO,,  and  evaporatint>  to  compleic  dryness  un  j  water  tuih, 
'Flic  re^idiJr  thus  obtained  is  muislencd  with  ammonia,  when  a  brilliant,  red- 
dish-purple color  is  developed  if  uric  acid  be  present.  This  color  (ieepens  on 
warming,  while  a  Ktmilar  color  obtained  by  i^uano  do<rs  not;  thus  tlie  two 
substances  are  distinguished.  The  test  depends  on  the  formation  of  murexiH. 
an  ammonium  salt  of  purpuric  acid,  and  is  known  as  the  Murexid  lest. 
Schiff's  reactioQ  is  obtained  by  dissolving  tlic  substance  In  Nji^CO,,  and 
brinyiuf;  a  drop  itf  Ihe  v)lulion  in  contact  with  a  solution  of  AgNtJ,  u)^wm  a 
piece  of  hlier  paper,  when  a  yellow  or  black  slain,  due  to  the  reducti<n  of  the 
nitrate  of  silver,  is  at  once  obtained.  When  heated  with  I'chling's  lluid,  uric 
acid  reduces  the  copper  with  the  prodaction  of  b  grayish  precipitate  of  cuprous 
orate. 
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^^f  Uricacid  is  estimated  qnantltatively  with  some  difficulty.     The 

f  best  method  is  that  of  Haycraft.      According  to  tliis  method  the 

^^  uric  acid  is  precipitated  by  an  ammoniacal  solution  of  AgNO,  in 
^H  the  presence  of  ammonium  magnesium  chloride.  The  prccipi- 
^V  tatc  contains  one  atom  of  silver  to  one  molecule  of  uric  acid. 
f  The  precipitate  is  filtered  out.  dissolved  in  HNO,,  and  the  silver 

il  estimated  volumetrically  with  a  standard  solution  of  potassium 

sulphocyanale,  using  a  few  drops  of  ferric  alum  as  an  indicator. 
Uric  acid  contains  the  nucleus  of  tv;o  molecules  of  urea  and  is 
soraetinies  regarded  as  a  diureid.  In  some  of  its  decompositions, 
it  yields  urea  as  one  of  its  products.  For  this  reason  it  was  for- 
merly believed  to  be  one  of  the  antecedents  of  urea,  and  to  be  a 
stage  in  the  oxidation  of  nitrogenous  waste  short  of  that  neces- 
sary to  produce  urea.  It  occurs  in  increased  amounts  when, 
for  any  reason,  the  oxidation  within  the  body  is  interfered  wiih, 
as  in  diseases  of  the  lungs,  liver,  or  skin,  or  in  excessive  par- 
taking of  nitrogenous  food.  It  may  be  diminisheii  in  such 
cases  by  agents  that  will  increase  the  oxidation  in  the  blood 
and  tissues.  By  the  oxidation  of  uric  acid  with  nitric  acid,  it 
dccomixjscs  into  a  molecule  of  alloxan  and  one  of  urea.  By  fur- 
ther oxidation  alloxan  is  converted  into  parabanic  acid  or 
oxal-urea  and  Co,. 

C.H.N^O,  +  O  +  H,0  =  C,H,N,0^  +  (NH,),CO. 
Uric  Actil.  .Mloxan,  Urea. 

C,H,N,04  H-  O  ==  C.U,N,0^  +  CO,. 

Alloxao.  Parabanic  acid 

or  oxal'Urea. 

When  (jarabanic  acid  is  heated  with  alkalies,  it  forms  oxaluric  acidT 
and  this  by  prolonged  boiling  is  converted  into  urea  and  oxalic 
acid.  By  oxidation  with  K^Mn^O^.  tiric  acid  is  decomposed  into 
allanloin  ajid  CO^.  Allantoin  with  HNU,  gives  urea  as  one  of 
its  decomposition  products. 

Oxaluric  Acid,C„HjN.O,,  occurs  in  minute  traces  in  human 
urincj  and  is  a  white  crystalline  powder,  not  very  soluble  in 
■water.     Its  alkaline  salts,  however,  are  readily  soluble. 

Allantoin,  C^H^N/ ),,  is  a  characteristic  constituent  of  the 
allantonic  fluid  and  of  the  amniotic  fluid.  It  is  also  foimd  in  the 
urine  of  many  animals  for  a  short  period  after  their  birth.  It  is 
found  in  the  urine  after  the  internal  administration  of  uric  acid. 
It  has  been  found  also  in  vegetable  tissues.  It  crystallizes  in 
small,  shining,  colorless,  hexagonal  prisms,  soluble  in  i6o  parts 
of  cold  water,  and  insoluble  in  cold  alcohol  and  ether.  The 
alkalies  dissolve  it,  forming  salts.     It  gives  no  reactions  which  ore 
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sufficiently  characteristic  to  admit  of  ii.'>  cleleclion  in  urine  or 
other  fluids.  U  must  be  separated  from  them  and  be  obtained  in 
the  crystalline  form.  Allantoin  has  bucn  obtained  synthetically 
by  heating  together  glyoxalic  acid  and  urea. 

Alloxan,  C^H,N,0^. — 'I  his  is  another  of  the  decomposition 
products  of  uric  acid  under  mild  oxidation.  It  h&s  been  found 
in  the  intestinal  mucus  in  cases  of  diarrhoea.  It  crystallizes  ia 
colorless  crystals,  readily  soluble  in  water, 

Murexid  —  Ammonium  Purpuratc — C^H/NH.'tNjO^,  is 
produced  by  the  oxidation  of  uric  acid,  alloxan,  guanin,  and  a 
number  of  other  derivatives  of  uric  acid,  with  a  subsequent  treat- 
ment with  NHjOH.  It  is  an  ammonium  salt  of  a  hypothetical 
acid  which  has  not  yet  been  isolated.  It  is  of  a  brilliant  reddish- 
purple  color,  and  has  before  been  referred  to  in  the  murexid 
test  for  uric  acid. 

NH~CH 

Xanthin,  CO         c-nh     =c»h^N40j, 

^         L      ^ 
NH-C-N-CO 

urinary  calculi  and  called  xanthic  oxide.  It  is  a  normal,  though 
scanty,  constituent  of  urine,  muscle,  liver,  spleen,  thjTiius,  and 
brain  substance.  It  occurs  in  large  quantities  together  with  hy- 
poxaiuhin  in  "extract  of  meat,"  and  is  also  found  in  traces  in 
certain  vegetiible  tissues.  In  nearly  all  cases  it  is  accompanied  by 
hy|X)xanthin.  it  may  be  prepared  from  extract  of  beef.  When 
pure,  it  is  a  colorless  powder,  almost  in^ioluble  in  water,  alcohol, 
and  ether,  but  it  dissolves  readily  in  diluted  acids  and  alkalies, 
forming  crystallizable  compounds. 

NH— CH 

Hypoxanthin  —  Sarcin  —  ch 

closely  related  to  xanthin  and  usually  occurs  with  it  in  the  tis- 
sues and  fluids  of  the  body.  It  is  obtained  from  fluids  or  tissue 
extracts.  A  silver  salt  of  xanthin  and  hypoxanthin  is  employed 
for  their  separation  from  fluids. 

Methylxanthin  —  Heteroxanthin  —  C,H,Np,,  occurs  in 
minute  quantities  in  the  normal  urine  of  man  and  dog  along  with 
xanthin,  hypoxanthin,  and  paraxanthin. 

Dimethylxanthin— Paraxanthin — C^HgN,0,,  is  an  isomer 
of  theolmjmine.  As  stated  above,  it  occurs  in  very  small  amounts 
in  urine,  and  is  closely  related  to  the  above  compounds.  Its 
j)hysiological  action,  when  administered  internally,  is  identical 
with  that  of  theobromine. 


i-NH\       -  C«H<N,0,       IS 

CO 
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Carnin,  C^H^N^O,,  is  another  base  closely  allied  in  com- 
pasition  to  the  above  comiwnnds.  It  occurs  in  extract  of  meat, 
of  which  it  forms  about  one  j>er  cent.  It  may  be  preiJared  by 
precipitating  extract  of  meat  with  HaO.H^  water,  avoiding  execs*. 
The  precipitate  is  filtered  out,  and  the  carnin  precipitated  from 
the  filtrate  with  basic  lead  acetate.  The  precipitated  lead  salt 
b  suspended  in  hot  water,  and  the  lead  se|>arated  with  H^; 
the  filtrate  is  concentrated  and  the  carnin  crystallized  out.  It 
separates  in  white  masses  composed  of  very  irregular  cr)'stals, 
readily  soluble  in  hut  water,  slightly  soluble  in  cold  water,  and 
insoluble  in  alcohol  and  ether.  It  unites  with  acids  and  salts  to 
form  (Tvstalltne  compounds.  Carnin  may  l>e  converted  into 
hypoxanthin  by  Ireatnient  with  chlorine  or  HNOj,  or  still  more 
readily  by  bromine. 


KH-CH 

Adenin.  ch  c-nh\ 

\v  I  C-NH 

N  -  C  =  N/ 


C»HftN».  is  another  base  closely 


related  to  xanthin  in  composition,  and  was  first  obtained  from 
the  pancreatic  tissue.  It  is  said  to  have  been  found  in  the  urine. 
A  number  of  the  foregoing  compounds,  as  will  he  seen,  occur 
in  the  extract  of  meat.  It  has  been  proved  that  the  chief 
virtue  of  extract  of  meat  is  in  the  stimulant  proijcrlies  of  these 
l>ascs. 

Guanin,  C^H^N^O,  is  found  in  Peruvian  guano  and  in  small 
quantities  in  the  pancreas,  liver,  muscle  extract,  and  many  of 
the  products  of  the  action  of  acids  upon  nuclcin.  It  may  also 
occur  in  the  urine.  It  is  a  white,  amorphous  powder,  insoluble 
in  water,  alcohol,  cihcr,  and  ammonia. 

Guanidin,  CNgllj.  is  one  of  the  oxidation  products  of  guanin. 
It  does  not  occur  in  the  free  state  in  any  of  the  normal  tissues  or 
fluids  of  the  body,  but  has  been  obtained  by  the  oxidation  of 
proleids.  It  may  be  made  to  yield  urea  by  treatment  with  hot 
dilute  H,S<>^.      It  has  also  been  obtained  by  synlhcsts. 

Indol,  C\H,N,  occurs  characteristically  in  the  f:ieces,  to  which, 
with  skatol,  it  imparts  their  nnph'asant  odor.  It  is  formed  during 
the  putrefactive  decomposition  of  proteids,  which  usually  occur, 
to  a  greater  or  less  extent,  in  the  alimentary  canal.  A  part  of 
the  indol  leaves  the  body  by  the  urine  as  a  [>otassium  salt,  or  as 
indoxyl  sulphuric  acid.  The  remnant  passes  out  with  the 
fjeces.  It  may  be  obtained,  together  with  phenol  and  skatol,  by 
acidulating  and  distilling  the  products  of  a  somewhat  prolonged. 
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alkaline,  putrefactive,  pancreatic  digestion  of  proteids.  Indol 
pasacs  over  with  the  disiillaie,  from  which  it  isextracied  by  shaking 
with  ether,  as  au  oily  liquid  when  the  ether  evaporates.  It  may 
also  be  pre{>ared  by  heating  most  proteids  with  excess  of  KOH. 
Indol  is  a  crystalline  body  soluble  in  boiling  water,  akohol,  and 
ether.  It  may  be  detected  as  follows: — A  strip  of  pine  wood, 
moistened  with  HCK  is  colored  a  bright  crimson  when  di[>peJ 
into  an  alcoholic  solution  of  indol.  The  alcoholic  solution  turns 
red  when  treated  with  nitrous  acid.  Its  aqueous  solution  gives  a 
red  precipitate  with  the  same  reagent. 

Skatol  — Methylindol— C,Hj,N.  occurs  also  in  human  fxces 
together  with  indol,  luMng  present  in  larger  amounts  than  the 
latter.  The  conditions  of  its  production  are  the  same  as  those 
for  indol,  so  that  the  two  sul>stances  occur  mixed  in  the  pro- 
ducts of  putrefactive  dccomj»osition  of  proteids,  and  of  the 
action  of  caustic  potash  upon  proteids  at  a  high  temperature. 
A  portion  of  the  skatol  produced  in  the  intestine  is  absorbed, 
oxidized,  and  appears  in  the  urine  as  skatoxyl  sulphuric 
acid. 

Indoxyl-sulphuric  Acid,  CgH,NOSO,OH,  is  the  indican 
frequently  mentioned  as  occurring  in  the  urine.  This  compound 
is  not  identical  with  the  indican  found  in  plants,  which  is  a  glu- 
coside.  It  is  in  reality  a  sulphuric  ether  of  indoxyl,  C^H^N'OH, 
a  compound  similar  to  phenol  and  cresol.  Indi&m  is  increased 
in  carnivorous  animals,  under  a  meat  diet,  but  is  not  increased 
by  the  administration  of  gelatin.  It  is  more  plentiful  in  the 
urine  of  herbivora  than  of  carnivora.  Indoxyl  sulphuric  acid 
occurs  in  tlie  urine  combined  mostly  with  jxitassium.  When 
warmed  with  HCl  it  decomposes  into  indoxyl  and  acid  potassium 
sulphate. 

C,H,NOSO,OK  +  H,0  =  C;il,NOII  +  KMSO,. 
Potutium  indoxyl  •ulpbace.  Indoxyl. 

Indo.\yI  by  oxidation  is  converted  into  indigo  blue. 

2C^n.NOH  +  O,  =  C^Hj^NjOj  +  2H,0. 

The  rormttlion  of  indigo  blue  b  used  in  Jafli6'5  te^t  for  indican  In  the  unoe. 
The  test  is  applied  as  follows:— lo  c.  c.  is  mixed  with  an  equnl  volume  of 
strong  HCl  and  2  to  3  c.  c.  of  chloroform.  A  strong  solution  of  chloride  of 
lime  is  then  added,  drop  by  drop,  shaking  after  the  addihon  of  each  drop. 
If  indican  be  present,  the  chlorofi^m,  on  seporaiing  and  standing,  will  be 
colored  more  or  le<ts  deeply  blue,  according  to  the  amount  of  indican  present. 
SIcatot  also  occur*  in  llic  urine.  When  Jalfi'*  test  for  indican  i-*  applied  to 
urine  which  contains  skatoxyl  compounds,  the  urine  turns  red  or  violet  on  the 
addition  of  HCl,  and  bright  crimson  on  the  addition  of  HNO,.  A  Mmilar 
color  is  obtained  if  it  is  warmed  with  HCl  and  i'>,Cl,. 


^ 
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Indigo  Blue.  C,jH,4N.,05,  is  formed  as  above  stated  from 
indican,  and  gives  rise  to  the  blue  color  sometimes  observed  in 
sweat  and  tirine.  It  may  be  ohtiined  by  slow  formation  from 
indican,  in  Bne  crystals  insoluble  in  water,  but  slightly  soluble 
in  alcohol,  ether,  chloroform  and  benzene.  Indican  is  soluble 
in  strong  H,SO^,  forming  two  suljihonic  acids.  The  sodium 
&alts  of  these  acids  are  soluble  in  water,  and  when  mixed  with 
sodium  sulphate,  constitute  "indigo  carmine*'  of  commerce; 
and  in  the  pure  form  of  sulphindigotate  of  soda,  is  employed 
as  a  test  for  sugar  in  the  urine.  Indigo  possesses  a  pure  blue 
color,  and  leaves  a  red  streak  when  drawn  across  a  hard  body* 
Treated  with  reducing  agents  in  strongly  alkaline  solution  it  is 
reduced  to  indigo  white;  on  exposure  to  air  the  indigo  white 
again  becomes  indigo  blue.  It  thus  proves  a  convenient  reaction 
for  the  detection  of  indigo,  or  for  reducing  substances  like 
dextrose. 

Biliary  Acids. — The  bile  contains  the  sodium  salts  of  two 
amido-aridri  and  several  acids  derived  from  these  by  decompo- 
sition. The  two  acids  contained  in  the  bile  are  glycocholic  and 
taurocholic  acids. 

Glycocholic  Acid,  Cj^H^gNO,,  occurs  in  bile  as  a  sodium 
salt.  The  acid  occurs  in  two  forms,  the  one  as  fine  crystalline 
needles,  and  the  other  as  an  amorphous  resinous  solid.  It  is 
monobasic.  It' is  soluble  in  hydrochloric,  sulphuric,  and  acetic 
acids,  without  decomposition  ;  soluble  in  glycerin,  slightly  soluble 
in  cold,  and  readily  in  hot  water;  very  soluble  in  alcohol,  and 
insoluble  in  ether.  When  boiled  with  alkalies  or  mineral  acids  it 
splits  up  into  cholic  acid  and  glycocin. 

Chulic  nciil.  Olycocin. 

Taurocholic  Acid,  C^H^^NSO,,  occurs  in  small  quantity  in 
human  l«ilc,  but  in  larger  quantity  in  thatof  the  carnivora.  It  is 
soluble  in  water  and  alcohol.  With  boiling  alkaline  or  acid  solu- 
tions, it  forms  cholic  acid  and  taurin,  CjH.NSO,.  The  spon- 
taneous decomposition  of  bile  causes  the  same  change. 

Both  glycocholic  and  taurocholic  acids  form  salts  which  have 
the  ix)wer  of  dissolving  choUsterin  and  of  emulsifying  fats. 
They  also  form  insoluble  compounds  with  the  salts  of  the  alka- 
loids and  with  peptone.  These  salts  are  soluble,  however,  in 
e-Kcess  of  the  biliary  salts.  The  taurocholato  of  morphine  is 
crystallizable.      The  glycocholate  of  sodium  exists  in  the  bile, 

d  may  be  prepared  from  fresh  ox  bile.     They  may  be  prccipi- 
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tated  from  neutral  solutions  by  lead  acetate,  but  the  precipitate 
is  soluble  in  an  excess  of  the  precipitant. 

Tests  for  Biliary  Acids. — To  a.  solution  of  the  bilisfy  acids  add  a  few 
drops  of  a  solution  of  cane  sugar  ( i  to  lo),  and  then  strong  ;>ulphuric  acid.  A 
cherry  red,  followed  by  a  deep  purple  violet  color  is  produced.  'Hiis  test, 
known  as  Pcttenkofer's,  cannot  be  apptied  to  organic  mixtures,  as  urine, 
because  numeroas  other  bodies  give  the  same  color. 

To  apply  it  to  such  mixtures,  evaporate  to  dryness,  exhaust  the  residue  with 
absolute  alcohol,  decolorize  the  solution  with  animal  charcoal,  evaporate  to 
dryness,  dissolve  in  water,  and  then  test  as  aboTe. 
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The  most  of  these  bases  may  be  regarded  as  aromatic  hydrocar- 
borvs,  in  which  one  nitrogen  atom  has  taken  the  place  of  the 
triad  group  CH'". 

The  following  graphic  forrauiae  will  show  the  relation  of  these 
bases  to  the  corres[>oriding  hydrocarbons: 
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The  Pyridin  Bases. — These  artificial  bases  are  produced 
by  the  decotui>osition  of  bone  gelatin,  or  ossein,  in  the  destruc- 
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Boil  IDC  poiDU. 

Pyridin,  C^H^N. 

<I5^C(239*F.) 

Picolin.  C,H,N. 

133*  C.(a7i*F) 
i54°C.  (309»F. 

Leiilulin,  CjHpN, 

CoUidin,  CJ1„N, 

i7o«C  (33«°F.) 

live  distillation  of  bones.  They  form  a  series  of  liomologouft 
bases  which  have  received  the  name  of  pyridin  bases.  Sonic  of 
them  have  also  been  found  in  coal  tar.  They  are  liquids  of  a 
disagreeable,  pungent,  tarry  odor,  and  belong  to  the  tertiary 
monamins.  They  may  l>e  extracted  from  theo^ensiveoil  known 
ss  Dipi^el's  oil,  obtained  from  the  distillation  of  bones.  By  the 
addition  of,  or  by  shaking  the  oil  with  H-SO,,  sulphates  of  the 
bases  are  produced  which  di^olve  in  water.  The  bases  may 
l»c  sejwrated  again  on  adding  potash  or  soda.  They  are  separated 
from  each  other  by  fractional  distillation.  The  pyridin  l>astsare 
often  present  in  commercial  ammonia.  Their  names  are  as  fol- 
lows:— 

BoOins  poiniK. 
Pinrolin.C,HuN,  i8&*»  C  (370^°  F.) 
Coridin,  C,oH,iN.  211"  C  U".&°  F) 
K«bklin.C,,H,,N,230°C.  (446*  F.) 
Viridi(>,q,Hi,N.  25i«  C.  (483£»  F.) 

Pyridin  is  obtained  from  Dippel's  oil,  and  is  also  obtained 
synthetically  from  pii>eridin.  which  is  itself  derived  from  black 
and  wi)ile  pepper.  It  may  l>e  prepared  synthetically  by  a  num- 
ber of  other  reactions.  It  is  a  colorless  liquid  with  a  tarry  odor 
and  pungent  taste.  It  boils  at  1 15°  C  (239°  F.).  '"^nd  has  a  sp. 
gT.  of  .9858.  It  is  miscible  with  water  in  all  proportions,  and  is 
hygroscopic.  It  forms  salts  with  acids  by  direct  addition,  like 
the  alkaloids;  and,  indeed,  many  of  the  alkaloids  are  believed 
to  be  salts  of  this  base.  It  has  been  employed  in  medicine  in  3- 
to  4-drop  doses  as  a  stimulant  in  heart  disease.  It  has  been  used 
as  a  local  application  in  diphtheria,  and,  by  evaporation  into  the 
air,  in  the  treatment  of  asthma.  For  medicinal  uses  it  should 
not  be  altered  by  exposure  to  light.  Pyridin  bases  occur  in 
tobacco  smoke.  | 

Pyrrol,  C^H^N,  is  a  weak  liquid  base  occurring  in  coal-tar 
and  in  Dippel's  oil,  from  which  it  may  be  extracted  by  sul])huric 
acid  and  distilling  from  the  sulphate  with  a  stronger  base.  It 
possesses  an  odor  similar  to  that  of  chloroform.  By  the  action  of 
the  ethereal  salts  of  iodine  upon  pyrrol,  a  tetra-iodo-pyrrol  is 
obtained,  CJ^NH.  This  compound  is  used  in  medicine  under 
the  name  of  lodoL 

lodol  occurs  as  a  grayish-brown,  odorless,  tasteless  powder. 
It  is  of  a  light  yellow  color  when  pure,  and  is  more  or  lesscr)stal- 
line.  It  decomposes  between  140°  and  150*^  C.  (284*  and  30a** 
F.)  and  evolves  iodine  vapors.  It  is  soluble  in  alcohol  and 
ether,  but  is  sparingly  so  in  water. 
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Derivatives  of  Pyridin. — Three  isomeric  niclhy]  pyridins 
are  known  under  the  name  of  picolins,  and  are  Ibund  in  coal- 
tar.  /3'  methyl-pyridin  may  by  prepared  by  dislilling  strychnine 
with  lime.  It  isa  liquid  of  impleasant  pungent  odor.  Di-mclhyl 
pyridin,  C^H^  (CH,)  ,N,  Tri-methyl  pyridin,  C^H.^  (CH,)  jN, 
liihyl-pyridin,  C^H^  (C\Hj)N,  and  Propyl  pyridin,  C^H^  (CjH,)N 
are  also  known.  Pyridin  like  benzine  is  capable  of  taking  up 
six  more  hydrogen  aloms,  forming  hexatt\dro-p\iidin  or  piper- 
idin,  CjH^NHj,  a  colorless  lujuid  having  a  peculiar  ])e[ipecy  odor. 
It  is  a  strong  base  and  forms  a  series  of  crystalline  salts.  Pipcr- 
idin  may  be  obtaine*^,  along  with  pi[)L'ric  acid,  by  treating 
piperine  from  pepper  with  an  alcoholic  solution  of  KOH. 

Conine,  C^H^  (Qi^t)  NH«'  i^  pro]>yl-piperidin.  Nicotine 
is   a   hcxahydro-dipvridyl,    or    formed     from  two    molecules   of 

pyridin.     Dipyridyl  has  the  formula    |  , 

C,H=N 

and  nicotine  the  formula   | 

Quinolin  Bases. — These  are  compounds  which  are  generally 
derived  from  coai  tar,  and  are  closely  related  to  naphthaline, 
liases  similar  to,  and  isomeric  witli  a  few  of  these,  have  been  ob- 
tained by  the  distillation  of  some  of  the  alkaloids  with  potash. 
Quinolin  or  Chinolin,  QH^N,  has  been  i>rej>ared  both  from 
the  alkaloids  and  from  coal  tar.  It  has  been  prepared  by  the 
action  of  H.SO^and  nitrobenzene  upon  anilin  and  glycerin.  The 
mixture  is  heated  to  130°  C.  (266*^  1''.),  the  lamp  removed  when 
reaction  begins,  and  then  heated  again  for  three  hours,  and 
finally  distilled  with  lime,  when  quinobn  distils  over  with  anilio, 
from  which  it  may  lie  se|>arated  by  fractional  distillation.  It 
may  also  be  obtained  by  distilling  quinine  with  an  alkali.  When 
pure,  (luinohn  or  chinolin,  is  a  colorless  liquid,  with  a  character- 
istic, aromatic,  pungent  odor,  ofsp.gr.  1.084.  I*  is  freely 
soluble  in  alcohol,  ether,  chloroform,  and  hot  water.  It  is  insol- 
uble, or  only  slightly  soluble,  in  cold  water.  It  has  been 
employed  as  an  antiseptic  and  antiM'motic,  and  as  an  antipyretic. 
For  internal  use  a  tartrate,  salicylate,  tannate,  bisulphate,  and  hy- 
drochlomte  have  been  recommended.  When  (juinolm  is  treated 
with  HjS(\  it  yields  a  suiphonic  acid.  When  this  is  treated  with 
nascent  hydrogen,  and  the  resulting  product  with  mcihvl  iodide, 
the  body  of  C,H,^0(OCH,)  or  C,„H„  NO,  methyloxyquinolin, 
is  produced.     This  substance  closely  resembles  quinine,  ^aH^ 


N,0,.  lu  hydrochlorate  of  oxyquinolin  is  iiseU  medicinally 
under  the  name  of  kairin,  C,H^  NO.HCl,  as  a  substitute  for 
quinine.  The  corresponding  ethyl  derivative  C,H,(C,H5)NO.HCl 
is  at.so  employed  for  the  same  purpose.  Thekairins  act  as  power- 
ful antipyretics,  but  thtir  use  has  been  attended  with  unpleasant 
after  effects.  Quinolin  forms  substitution  products  and  hydrogen 
addition  products.  The  hydroxy!  derivatives  are  called  oxy- 
quinolins. 

A  number  of  derivatives  of  the  oxy-quinolins  have  found  use  in 
medicine. 

Thalin  is  an  antipyreiic  remedy,  metaineric  with  kairin, 
tctra-hydrochin-anisol.     Its  constitution  is  as  follows:  C^^H, 

OCH,    ]  ^I'H^H     °^  C,H,„NOCH,.     It  is  prepared  by  heating 

paramidoanisdland  paranitroanisol  with  glycerin  and  H,SO,.  and 
reduLin)»  the  product  with  nascent  H.  ll  is  a  strong  base,  crys- 
tallizing in  colorless  prisms,  having  a  bitter,  saline,  pungent 
taste.  It  melts  at  42°C.  (1076**  F.),  and  is  insoluble  in  water, 
but  is  readily  so  in  alcohol,  ether,  chloroform,  and  benzene, 
ThaiUn  farms  a  .series  of  well-defined  salts.  A  sulphate  and  a 
tartrate  have  been  used  in  medicine.  The  former  is  a  yellowish- 
white,  cnstalline  jKjwder,  of  a  saline,  bitter,  and  spicy  taste.  It 
is  soluble  in  7  parts  of  cold  water.  It  is  also  soluble  in  alcohol, 
but  almost  iiisolulde  in  cliloroforui  and  ether.  With  iodine,  its 
solutions  give  a  brown  precipitate;  with  tannic  acid  white;  with 
Nessler's  rcayent  lemon-yellow;  with  Fe^Clj  an  emerald  green. 
The  tartrate  closely  resembles  the  sulphate  in  most  of  its  proi>er- 
tics.  These  compounds  are  blood  poisons,  i.  e.^  they  disintegrate 
the  red-blood  corpuscles. 


NATURAL  ORGANIC   BASES,  OR  ALKALOIDS. 

Many  plants,  and  especially  those  having  nieilicinal  and  poi- 
sonous properties,  contain  basic  principles  or  compounds  con- 
taining nitrogen,  which  are  called  alkaloids.  Some  are  volatile 
while  others  decompose  when  healed.  Most  of  them  resemble 
the  amins  or  compound  ammonias  in  proi>erties,  while  some 
corres]K>nd  more  nearly  to  the  ammonium  com[K3unds.  Most 
alk^iloids  are  si>aring]y  soluble  in  water,  and  more  freely  in  alcohol, 
the  suiulions  having  an  alkaline  reaction  and  bitter  tasiel  They 
combine  directly  with  acids,  like  NH,,  forming  crystalline  salts, 
which  are  generally  soluble  in  water.  Their  hydrochlorates  form 
crystalline  double  salts  with  the  chlorides  of  gold,  platinum, 


PROPERTIES  OP  THE  NATURAL  ALKALOIDS. 


i 


mercury,  etc.  Most  of  them  are  precipitated  solutions  of  tannin, 
the  double  ioflitle  of  potassium  and  merctiry.  doul>le  iodide  of 
cadmium  and  bismuth,  phosphomolybdic.  phosphoatitimonic, 
phosphotim]>;slic,  and  picric  acids,  and  by  a  sohition  of  iodine  in 
potassium  iodide  or  hydriodic  acid.  These  reagents  are,  there- 
fore, used  to  precipitate  the  alkaloids  from  other  substances  fnimd 
with  them.  By  treating  these  precipitates  wilh  an  alkaline  hy- 
droxide, the  bases  are  separated. 

PROPERTIES  OF  THE  NATURAL  ALKALOIDS. 

The  tnic  vegetable  alkaloids,  or  plant  bases  are  very  numerous. 
Many  of  them  are  imperfectly  known,  while  others  have  l)ccn 
studied  very  completely.  The  alkaloids  are  generally  found  in 
all  parts  of  plants,  though  in  some  cases  they  are  restricted  to 
certain  portions.  The  vegetable  alkaloids  are  in  most  cases  in- 
tensely i>oisonous,  while  in  others,  as  the  alkaloids  of  coffee, 
cocoa,  and  cinchona,  they  produce  characteristic  physiological 
effects,  but  are  not  actively  poisonous.  They  generally  have  a 
bitter  taste.  Most  of  them  are  solid  at  ordinary  temperatures. 
The  non-oxygenized,  volatile  bases  are  Ii(|uid.  The  alkaloids  are 
alkaline  in  reaction.  They  unite  with  acids  to  perfect  neutrality 
and  form  well-defnted  crystallizable  salts.  In  some  cases  the 
basic  character  is  feebly  marked,  when  no  acids  exist,  and  even 
the  saUs  with  the  stronger  acids  are  easily  decomposed.  As  a 
nile,  the  vegetable  alkaloids,  exce()t  the  volatile  bases,  are  spar- 
ingly soluble  in  water,  and  are,  therefore,  usually  prec  pitatcd  by 
the  addition  of  a  solution  of  a  strong  base  to  a  solution  of  their 
salts.  They  are  nearly  ail  readily  dissolved  by  alcohol  except 
rhceadine  and  [JScudouTorphine. 

The  salts  of  the  alkaloids  are  generally  more  soluble  in  water 
than  the  bases  themselves,  and.  as  a  rule,  dissolve  on  the  addition 
of  alcohol.  As  a  rule,  the  alkaloids  form  a  class  of  double  salts, 
/.  f.,  chloro[>latinates,  mcrcuro-iodides,  etc.,  with  platinic  chloride 
and  mercuric  iodide.  Immiscible  solvents,  such  as  chloroform, 
amy],  alcohol,  ether,  benzene,  and  bistilphidc  of  carbon  differ  con- 
siderably in  their  solvent  powers  of  alkaloids  and  alkaloidal  salts. 

Nomenclature  of  Alkaloids.— While  there  is  a  great  deal 
in  favor  of  the  reform  in  s].elling  of  many  chemical  terms,  and 
while  we  have  adopted  tht.'  practice  of  dropping  the  final  /■  in  the 
artificial  leases  and  rnmpoutul  ammonias,  we  shall  retain  tlic  final 
e  in  the  spelling  of  the  names  of  the  alkaloids.  Tho  alkaloids, 
being  very  active  and  fretjuently  |)oisonoiis  substances,  should  be 
sliarply  distinguished  from  the  glycosides  and  bitter  principles, 
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and  the  very  numerous  synthetical  substances  recently  introduced 
into  medic  ine.  This  distinction,  whicii  has  existetl  for  years, 
and  which  is  well  fixed  in  the  minds  of  a  large  proportion  of  ihe 
physicians  and  pharmacists  of  all  English-speakinjj;  cotmtries,  will 
Ije  preserved  by  retaining  the  final  e.  Thus,  we  shall  use  morphine 
instead  of  morphin,  and  quinine  instead  of  qttinin. 

Reagents  for  Precipitating  Alkaloids. — Alkaloids  as  a 
class  give  jireripitale-S  with  a  considerable  number  of  reagentn, 
esj^ecially  the  compounds  of  the  heavy  metals.  Of  these  precipi- 
tants  the  most  generally  used  are  a  solution  of  I  in  KJ  solution, 
a  solution  of  phosphomolybdic  acid  (Sonnenschcin^s  reagent), 
and  a  solution  of  the  double  iodide  of  mercury  and  potassium 
(Mayer's  reagent).  Wfih  the  exce(>tion  of  tannin,  which  should 
Ije  employed  in  neutral  or  slightly  alkaline  solution,  the  precipi- 
tinis  v\{  .ilkaloids  arc  usually  added  to  the  solution  slightly  acid- 
ulated with  H,S(\  or  acetic  acid. 

Mayer's  Reaj^ent  is  made  by  dissolving  13.546  grms.  of  mercuric  chlorule 
ant]  49.S  grmii.  pota&sitim  iiKlidc  in  lOOo  c,  c,  ol  water,  Thii  solution  precipi- 
tates all  alkalniii^.  furming  white  or  yellowish-white  crystalline  compounds  of 
definite  com;^>iiii.m.  for  which  reason  this  solution  is  used  for  the  volumetric 
ei^timatinn  of  alkalnicU. 

Phosphomolybdic  Acid,  mentioned  above  as  a  reagent  for  alkaluids,  is 
prepart'd  a^  Inlluw* :— IJi^solvc  15  grms.  ammonium  molytxlate  in  a  little 
ammonia  water  and  add  water  tu  make  loo  c.  c.  This  S'>tuiion  is  poured  into 
100  c.  c.  of  strung  nitric  acid,  and  this  mixture  is  adtled  to  a  warm  J  per  cent. 
Aolutlon  of  sodium  phosphate,  as  long  as  a  precipitate  forms.  The  precipitate 
is  collected  on  a  liller,  washed,  dissolved  in  a  very  little  NaOH  solution,  and 
evaporated  to  dr)'nes<i,  or  heated,  until  all  NHj  escaiws.  The  residue  is  to  be 
dissolved  in  about  10  ports  of  water,  and  enough  MNO,  added  to  redissolve 
the  preciptt  .te  which  at  tirst  forms.  Tins  reagent  gives  precipiuies  not  only 
With  alkaloids,  li-.it  also  with  salts  iif  ammonium  and  |totassium. 

Both  of  these  reagents,  while  being  delicate  tests  for  alkaloids,  precipitate 
albuminous  and  other  matier  n^'t  alknluldnl  in  nature. 

Picric  Acid  \s  employed  as  a  saturated  aqueous  solution.  It  Is  very  suitable 
for  precipitating  the  cinchona  bases,  emetine,  bcrberine,  and  veratrine. 

Iodine  diviolved  iu  a  solution  of  potassium  iodide  (Wagner's  reagent] 
yields  reddish  or  rrd  brown  precipitates  with  nearly  all  alkaloids,  even  in  \'ety 
dilute  solmions,  The  prcclpliates  form  more  readily  In  solutions  rendered 
slightly  acid  with  HjS*)^,  Kkccss  of  the  reagent  should  be  avoided.  This 
test  IS  so  generally  successful  in  precipitating  alkaloids  that  a  negative  reaction 
is  conclusive  prrof  of  ilu*  absence  of  ordinary  alkaloids,  although  precipitation 
is  not  al>so1ntc  proof  of  the  presence  of  an  alkaloid,  In  alcohnlii:  solutions,  th^ 
precipitates  are  deposited  slowly,  sometimes  not  at  all,  owing  to  their  solubility 
m  alcohol.  The  sireni^ih  may  vary  within  wide  limits.  A  solution  containing 
20  grms.  of  iudiue  and  50  grms.  of  potassium  iodide  per  Hter  is  about  the  right 
strength. 

Marme's  reagent  is  a  solution  of  the  double  iodide  of  potassium  and 
ca-imiuii,  It  is  employed  in  S'llutinns  acidulated  with  HjSU^,  and  gives 
"baracleri^lic  pr:rclpliatcs  with  miny  of  the  alkaloidi. 
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The   double  iodide  of  potASsium  and  bismuth  ( DragendorfT 's  re* 

agent)  is  made  by  saturating  a  hot  conceiitrAted  iiMtlutian  of  jKHasiiium  iodide 
Willi  Liibiiiulh  iu<lidc,  and  then  adding  aii  ctpial  volume  of  a  cuM,  saturated 
solulioti  of  {>oi.-i^sitiin  iodide.  It  cannnl  bt*  rlilnted,  but  is  Apf)licablc  to  solu- 
tions of  alkaloids  strongly  aciduUicd  with  iX^Sn^. 

Platinic  chloride  and  auric  chloride  are  rr<f<i]uencly  employed  to  precipi- 
tate alkflloid-s  and  tu  disttiiguij^h  thrm  from  other  liilter  ptinciples.  rialinic 
precipitates  have  a  yt^Uow  or  yellowiMi  re«I  color.  The  gold  precipitates  of  a 
number  of  the  alkaloids  blacken,  by  reduction,  on  standing. 

Color  Reactions. — Many  of  the  alkaloids  give  characteristic 
colors,  ulieii  in  the  pure  stale,  by  treatment  witli  certain  reagents. 
These  color  reactions  aresttbject  to  variatiotis  by  impurities,  con- 
centration, temperature,  and  by  time.  Color  reactions  are, 
therefore,  confirmatory  rather  than  conclusive,  and  shoidd  always 
be  confirmed  by  control  tests  upon  a  portion  known  to  be  the 
alkaloid  in  question,  'J'he  reagents  that  are  emjjloyed  to  give 
color  tests  are:  —  (t)  Concentrated  sulphuric  acid;  (a) 
Frohde's  reagent,  concentrated  sulphuric  acid,  containing 
niolyhdic  acid  (i  ingm.  molybdic  acid  to  i  c.  c.  H^SOJ ; 
(3)  Nitric  acid,  sp.  gr  1.40  to  142;  (4)  Sulphuric  acid, 
followed  by  a  minute  addition  of  HNO^  or  KNO, ; 
(5)  Sulphuric  acid,  and  cane  sugar.  The  dry  substance  to 
be  tested  is  mixed  with  six  parts  of  cane  sugar,  and  a  few  mgms. 
of  the  mixltire  are  placed  upon  a  drop  or  two  of  pure  H^SO^  on 
a  white  plate. 

riie  colors  given  by  a  number  of  the  most  important  alkaloids 
with  some  of  these  reagents  are  given  in  a  table  on  page  473. 

Separation  of  Alkaloids. — The  vegetable  substance,  the 
seed,  bark  or  leaf,  is  fm.i  disintegrated  and  extracted  thor- 
oughly with  slightly  acidulited  water,  which  dissolves  out  tlie 
alkaloid.  The  volatile  alkaloids  arc  recovered  from  the  solution 
by  distillation  .after  the  addition  of  an  alkali.  Non-volatile 
alkaloids  may  be  precipitated  front  an  acid  solution  by  an  alkali, 
anil  the  iniptire  base  thus  obtained  may  be  filtered  out  atid  dis- 
solved in  acids,  and  purified  by  recrj'stabization.  Or,  the  pre- 
cipitated alkaloids  may  be  dissolved  in  alcohol,  in  which  they 
are  generally  soluble,  and  the  alcoliol  evaiwrated  off.  In  some 
cases  alcohol  is  employed  for  the  extraction  of  alkaloids,  as  most 
of  the  alkaloids  and  alkaloidal  s;dis  are  soluble  in  alcohol. 

The  separation  and  detection  of  alkaloids  in  organic  mixtures, 
es|)ecially  when  present  in  small  quantities,  requires  an  expendi- 
ture of  considerable  time  and  patience.  When  it  is  undertaken 
in  toxicological  examinations,  it  should  only  be  by  an  expert  who 
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has  made  himself  thoroughly  familiar  with  the  minutest  details  of 
the  work.  It  shoiiltl  not  be  undertaken  by  any  one  without  a 
sufficient  feeling  of  resfjonsibility.  The  general  method  em- 
ployed in  such  cases  is,  in  outline,  as  follows : 


L 


First.  The  sulwtance  to  be  examined  is  properly  divided,  or  disintcf^nUeil, 
and  di^esicd  al  aI>out  from  40** to  50*  C  (104**  to  12^**  F.J,  with  water  .slightly 
acidulated  with  H,SO,.  After  this  digestion  the  solution  is  filtered  and  the 
filtrate  evajonlcd  over  a  watcr-l>ath  to  a  thin  «ynip.  '^hi^  is  then  mixed  with 
alcohol  and  digested  for  several  hours  at  about  30°  to  40®  C.  (86°  to  104°  F. ), 
co(»led,  filtered,  and  again  evapomted  nearly  to  dryness.  The  alkaloids  will 
be  found  in  ihi*  residue  as  sulphates.  A  small  quantity  of  water  is  now  oddci, 
and  the  M)1utioD  submitted  to  a  series  of  immiscible  solvents. — first  to  the  acidu* 
lated  solution,  and  then  to  the  same  solution  made  alkaline.  'I*hc  acidulated 
solution  is  transferred  from  the  evaporating  vessel  to  a  separating  funnel, 
thoroughly  and  repeatedly  shaken  for  a  few  minutes  with  freshly  rectified 
pe(r oleum  ether,  which  should  buil  at  aUnit  65"  to  70°  C.  (  149°  to  158°  F. ). 
'Hie  treatment  is  repeated  until  on  evajioiuling  a  «mall  portion  of  the  ether  it 
leaves  no  residue,  showing  that  it  ceases  to  dissolve  nnything.  Petroleum 
ether  removes  mostly  the  coloring  mailer,  etc.,  but  none  of  the  alkaloids. 

Second.  Ihis  same  process  is  to  be  repeated  with  hcnzenc,  the  boiling  point 
of  which  is  Si°  C,  (177.8°  F,).  This  removes  digilaline.  canthariiline,  and 
santonine,  which  are  crystalline,  and  elaterine,  and  colchicine,  which  are 
amorphous. 

Third.  A  solution  which  has  been  treated  as  above  is  next  shaken  with 
chl  iroform,  which  removes  ciiichuntnc,  digilaline,  and  pyrotoxine.  The  chlo- 
roform is  next  dissolved  out  of  the  solution  by  again  sJiaking  with  petroleum 
ether. 

Fourth.  The  solution  U  now  made  alkaline  with  ammonium  hydroxide, 
NHjOH,  and  sh.iken  with  petroleum  ether  at  a  temperature  of  about  40°  C. 
{104°  F.),  when  in  the  petroleum  ether  will  l>e  found  any  strychnine,  quinine, 
bnicine,  and  veratrinc.  If  ihcy  are  present.  In  a  similar  manner,  petroleum 
dissf>lves  conilne  and  nicollnc. 

Hfth.'  The  solution  is  next  shaken  with  benzene,  C^H^.  when  any  remaining 
strychnine,  bnicine,  quinine,  cinchonine,  atropine,  byoscyamine,  physostigmine, 
aconitine.  codeine,  and  narccinc  will  be  dii^solvcd  out. 

^^ixtli.  Chloroform  is  next  employed  in  a  similar  manner,  which  removes 
traces  of  morphine  if  this  alkaloid  be  present. 

-    Seventh.  Amyl  alcohol  ts  then  employed  In  a  similar  manner,  which  dis< 
solves  morphine,  solaninc,  and  the  glucoside  ^alicin,  if  presenL 

Eighth.  Evapor.-ite  the  watery  liquid  with  powdered  glass  and  treat  the 
residue  with  chloroform,  when  cururine,  if  present,  will  l»c  extracted.  After 
alt  these  immiscible  solvents  have  been  separated,  it  then  Iwcomes  necessary 
to  isolate  (he  residue  by  distillation  of  the  solvent  and,  by  proper  testa,  deter, 
mine  the  alkaloid  present. 

The  most  important  alkaloids  with  their  behavior  with  immis- 
cible solvents  are  given  in  tahular  form  on  pages  477  and  \yH, 
with  their  formtilae  and  solubilities.  Of  the  volatile  alkaloids 
two  only  are  of  importance. 
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Coniine,  C^H„N,  an  alkaloid  obtained  from  Conium  macu- 
iatumt  is  a  colorless,  oily  liquid  having  an  acrid  taste  and  a 
disagreeable  odor.  It  can  be  distilled  when  protected  from  the 
air.  It  boils  at  170*  C.  {t^^^°  F).  It  is  sj)aringly  soluble  in 
water,  but  is  more  sohible  in  cold  than  in  hot  water,  is  soluble  in 
all  iiroiK>rtions  in  alcohol.  It  is  soluble  in  six  voluntes  of  ether, 
and  is  soluljle  in  most  fixed  and  volatile  oils.  On  exposure  to  the 
air.  it  becmiies  thitk  and  resinous.  It  gives  off  vapors,  at  the 
ordinary  teiniKrrature  of  the  air,  which  form  while  fumes  with 
HCl,  similar  to  ammonia.  It  has  been  obtained  synthetically 
from  butyric  aldehyde  and  alcoholic  solution  of  ammonia. 
When  heated  with  H,Sf)j,  it  gives  a  red  color  changing  to 
green,  and  an  odor  of  bmyric  acid.  With  nitrobenzene  it  gives 
a  blue  color  changing  to  red  and  yellow. 

Lobeline  is  a  volatile  liquid  alkaloid  found  in  lobelia  inflata. 
It  has  an  odor  and  taste  resembling  that  of  tobacco. 

Nicotine,  C,„H,jNj,  occurs  in  tobacco.  It  is  a  colorless, 
oily  ]ir|uid  which  turns  brown  on  exjKisure  lo  light  and  air.  It 
has  a  bitter,  caustic  taste,  and  disagreeable  penetrating  odor.  It 
distils  at  250°  C.  (482°  F.),  and  burns  with  a  luminous  fiame. 
It  is  soluble  in  w.Uit,  alcohol,  ether,  and  the  oils.  It  may  be 
lemovcd  from  its  atiueous  solution  by  shaking  with  ether.  Its 
salts  are  deliiiuescent  and  crj'stallize  with  difficulty.  It  gives 
a  violet  color  with  HCl,  and  an  orange  with  HNO,.  It  jg 
actively  poisonous,  i^roduting  death,  when  given  in  sufficient 
doses,  sometimes  with  great  rapidity. 

Piperidine,  Hexa-hydro-pyridin,  CjH^N.H,,  has  been 
found  in  pepi>er,  where  it  occurs  as  a  decomposition  pro- 
duct of  piperinc.  It  has  been  prci>arcd  synthetically.  (Sec 
page  466). 

Piturinc,  C„H„N,,  occurs  in  the  dried  leaves  of  DuboUia 
ho/>U'ooiiiiy  a  plant  growing  in  Australia  and  used  by  the  natives 
to  prepare  a  narcotic  stimulant  known  as  Pituri. 

Sparteine,  C,^H„N,,  is  an  alkaloid  extracted  from  the 
common  Liroom,  scoparius. 

It  is  a  liquid,  heavier  than  water,  boiling  at  288°  €.(550°  F  ). 
It  is  sparingly  soluble  in  water,  giving  an  alkaline,  bitter 
solution.  It  smells  like  anilin,  and,  like  it,  becomes  brown  on 
exposure  to  the  air.  The  sulphate  is  used  in  medicine  as  a  heart 
stimulant. 
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NON-VOLATILE   ALKALOIDS. 

Properties  of  the  Principal  Non-volatile  Alkaloids. 
—  Aconitinc. — It  is  a  glacial  mass,  or  white  iK);vdcr,  and  crys- 
tallizes with  difficulty  in  rhombic  plates.  It  |)ossesses  a.  sharp, 
pungent  taste,  and,  in  general,  the  physiological  properties  of  the 
plant. 

The  connmcrcial  alkaloid  is  probably  a  mixture  of  several 
alkaloids,  of  which  aconite  root  contains  at  least  nine.  'Hie 
alkaloid  is  very  poisonous,  and  care  should  bt  exercised  in  tasting 
it.  The  most  characteristic  test  is  the  numbness  of  the  tongue 
and  I ii^  which  it  produces  in  from  one  to  fifteen  minutes  after 
tasting  it.  This  numbness  suffices  ro  detect  as  small  a  i|uantity 
as  .01  of  a  inilligrainme  of  the  alkaloid.  It  neutralizes  acids, 
forming  crystalline  salts.  It  is  prccij>itated  from  its  aipicous 
solutions  by  alkalies,  phosphomolybdic  acid,  Mayer's  reagent,  and 
by  iodine  in  KI  solution.  It  is  not  ppld,  by  PtCl^,  HgCl,,  or 
picric  acid. 

Apomorphine,  C„H„NO,.  When  morphine  is  heated  to 
no®  C.  (230°  F.)  wiih  an  excess  of  HCl  and  zinc  chloride,  it  is 
converted  into  aj'tomorphint  hydrochlorate, 

Apomorphinse  Hydrochloras.  U.  S.  P  ,  forms  minute  gray- 
ish-white, bitter  crystals,  becoming  greenish  on  exposure  to  light. 
It  is  soluble  in  water  and  alcohol,  and  slightly  soluble  in  ether 
and  chloroform.  It  can  also  be  prejjared  in  the  same  way  from 
codeine 

Atropine  — Daturine^-Atropina  (U.S.  P.) — occurs  in  beU 
I'Klonna  and  stramonium.  It  crystallizes  in  prisms,  or  stellaied 
tufts,  white  and  fusible.  U  has  a  bitter  taste,  and  dilates  the 
|>upil.  either  when  free  or  as  salts,  h  is  odorless.  Jt  is  distinctly 
alkaline,  and  neutralizes  acids  forming  crystalline  salts.  Atro- 
pinse  sulphas  is  official,  and  appears  as  a  white,  crystalline 
powder,  soluble  in  water.  It  is  an  active  poison  producing  dry- 
ness of  the  throat,  flushing  of  the  face,  dilatation  of  the  pupils, 
loss  of  s[jeech  and  of  muscular  [>ower,  dizziness,  dcliriuui,  and 
coma  Fatal  cases  of  puisotiing  are  not  frequent.  The  treat- 
ment should  consist  in  removing  the  unabsorbed  drug  with  the 
stomach  tube,  after  the  administration  of  some  liquid  containing 
tannin,  as  tea  A  solution  of  atropine  dro|)ped  into  the  eye  of  a 
cat  dilates  the  pupil.     This  is  used  as  a  test  for  the  alkaloid. 

Atropine  belongs  to  a  series  of  compounds  called  tropeines, 
and  is  isomeric  with  hyoscyamine  and  hyoscine. 
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The  otiier  natural  lro|>eTnes  arc  belladonnine,  atroparaine, 
scopolamine,  and  benzoyl  pseudoiropine.  They  are  all'saponifia- 
ble  by  treatment  with  acids  or  alkalies,  and  arc  split  into  an 
acid,  generally  tropic  acid,  CcHjC(CH,)C0OH,  and  iropine,  or 
pseudotropine,  C,H/C,H^OH)N.CH, 

Brucine,  C2j,Hj,NjO„4HjO,  accomianies  strychnine  in  the 
seeds  and  bark  oi'  dint-rent  varieties  of  sirychnose^  or  mix 
vomica.  It  forms  oblique  prisms  or  plates,  sparingly  soluble  in 
water,  readily  soluble  in  alcuhol,  chloroform^  and  amyl  alcohol, 
which  readily  lose  their  water  when  dried  in  the  air.  It  is  in- 
tensely bitter  and  has  a  strong  basic  reaction,  forming  crystalline 
salts.  Its  action  tn  the  economy  is  similar  to  that  of  strychnine, 
but  less  active.  With  strong  nitric  acid  it  gives  a  red,  fading  to 
yellow,  color;  SnCl,  changes  the  above  red  color  to  violet. 
Chlorine  water  colors  it  a  bright  red,  which  is  changed  to  yellow 
brown  by  NHpH. 

Caffeine  —  Theine  —  Guaranine  —  Caffeina  (U.  S.  P.), 
C\H,^jNjO,  -)-  H,0.  White  silky  needles;  fuses  and  sublimes; 
has  a  faint  bitter  taste  ;  poisonous  in  large  doses ;  0.4  to  0.5  gx- 
produces  death  in  cats  and  rabbits.  It  exists  in  coSi^c,  tea,  and 
some  other  plants.  Hot,  fuming  HNOj  turns  it  yellow,  which, 
after  eva|)oration  and  treatment  with  NH/>H,  bct-omes  purple. 

Caffeine  Citrate — CaFFeina  Citrata  (U.  S-  \\)^  is  defined 
as  a  weak  compound  of  caffeine  and  citric  acid,  but  it  is  probably 
a  mere  mechanical  mixture. 

It  is  a  white  powder  having  an  acid  taste  and  reaction.  It  is 
soluble  in  about  25  parts  of  water.  Its  physiological  properties 
are  the  same  as  those  of  the  alkaloid. 

Cinchona  Alkaloids. — Cinchona  bark  contains  a  considera- 
ble number  of  alkaloids,  several  of  which  are  employed  in  medi- 
cine. No  less  than  33  of  these  alkaloids  have  been  isolated. 
They  exist  chiefly,  though  not  wholly,  in  the  bark  and  are  re- 
markable for  their  valuable  antiperiodic  and  febrifuge  properties. 
They  all  have  well-defined  basic  characters,  and  their  salts  are 
usually  crystallizable.  Their  basic  character  is  such  that  they 
may  be  estimated  by  titration  with  a  standard  acid.  They  are 
but  slightly  soluble  in  water,  but  dissolve  more  readily  in  alcohol, 
and  very  easily  in  ether  and  chloroform.  The  latter  liquids  will 
remove  them  from  ammoniacal  solutions  by  agitation,  but  will 
not  from  a  solution  acidulated  with  H^SC),  or  MCI.  A  solution 
of  these  alkaloids  in  H^SOj  exhiliils  a  characteristic  strong  blue 
fluorescence.  They  are  precii^itatL-d  by  the  lived  alkalies,  alka- 
line carbonates,  or  ammonia.  The  most  important  cinchona  alka- 
loids are:    Quinine,  Quinidine,  rinchonint',  and  Cinchonidine. 
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Quinine— Quinia—Quinina  (XI  S.  ^.)-CJi^J^fi,  3H,0, 
exists  in  tlit  bark  of  the  various  species  of  the  cinchona  growing 
in  the  mountains  of  the  northern  part  of  South  America.  Dif- 
ferent samples  of  the  cinchona  bark  vary  in  the  richness  of  alka- 
loids. They  vary  from  33  |K*r  cent,  to  as  low  as  5  per  cent.  It 
occurs  as  a  white,  flaky,  ainorjihous,  or  crystalline  powder,  per- 
manent in  the  air,  and  havinj^  a  very  bitter  taste.  It  is  soluble  in 
1670  parts  of  water  and  in  six  parts  of  alcohol.  It  is  also  soluble 
in  chloroform,  ether,  carbon  disulphide,  benzene,  ammonia  water, 
and  dilute  acids.  When  treated  at  100**  ('.  (212°  F.)  it  loses  a 
part  of  its  water  of  crystalli/ation,  but  the  remainder  is  expelled 
at  125'^  C.  (257^*  K.).  It  has  an  alkaline  reaction  uj)on  liitnus 
pai>er,  brazil  wood,  or  methyl-orange. 

A  sulphate,  bisulphate,  hydrobromate,  hydrochlorate,  and  valer- 
ianate are  official-  The  tannate,  salicytate,  phenale,  and  numer- 
ous other  salts  are  also  employed  in  medicine. 

Quinine  Sulphate— Quininae  Sulphas  (U.  S.  P.)-(^n* 
H„N,0,)jHjS0,.7H^0.  is  mauuiacturcd  on  a  large  scale  for  iisi 
in  medicine.  It  is  found  in  white,  silk-like,  needle-shaped  cr)s- 
tals»  some^vhat  flexible,  making  a  very  light  and  easily  compres- 
sible mass^  which  effloresces  in  dry  air,  absorbs  water  in  moist 
air  and  becomes  colored  on  ex|X)suro  to  light.  It  has  a  |>crsistent, 
very  bitter  taste,  and  is  not  very  soluble  in  water,  but  more  readily 
in  alcohol.  It  is  soluble  in  740  parts  of  water,  65  parts  of  alco- 
hol, 40  parts  of  glycerin,  and  is  freely  soluble  in  dilute  acids. 
When  exposed  to  the  air  at  a  temi)er3ture  of  100°  C.  (212°  F.) 
for  some  hours,  it  loses  all  of  its  water  of  crystallization.  The 
solution,  especially  in  excess  of  H^SO^,  exhibits  a  vivid  blue  fluor- 
escence. The  alkaloid  is  precipitated  on  the  addition  of  ammo- 
nia water,  but  the  jirecipiiate  is  soluble  in  excess  of  ammonia. 
On  treating  10  c.  c.  of  an  aqueous  solution  of  the  salt  with  two 
drojK  of  bromine  water,  and  ilicn  with  an  excess  of  ammonia 
water,  the  liquid  assumes  an  emerald  yreen  color. 

Quinine  Bisulphide — Acid  Quinine  Sulphate — Qui- 
nine Bisulphas  (  U.  S.  P,)  — C„H„N,U,HjS0,,7H,0,  occurs 
as  colorless,  transparent,  or  whitish  crystals  or  small  needles, 
odorless,  and  having  a  very  bitter  taste.  They  are  freely  soluble 
in  water,  exhibiting  beautiful  blue  fluorescence.  It  loses  all  of  its 
water  of  crystalli/ation  at  loj*'  (*,  (212°  F.).  It  gives  the  same 
reaction  with  bromine  water  and  ammonia  as  the  sulphate. 

Solution  of  iodine  precipitates  fruai  the  acetic  acid  solution  of 
thebasicsutphate,  a tourmalinc-likc,  crystalline  body  with  a  green 
reflection. 
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The  solutions  of  quinine  and  its  salts  arc  laevorotatory.  When 
dissolved  in  chlorine  water,  ammonium  hydrate  produces  a  deep 
cmerald-grceti  solution.  If  K,KeCy,  be  first  added,  NH^OH  gives 
a  deep  re<J  color. 

Quinine  Hydrobromas.  C„Hj,N,O.HBr.HjO.  Quininac 
Hydrochloras,  (\„H,,NjO,HC1.2H-,0,  Quininae  Valerianas, 
C^H^N.O^CjHipUj.HjO,  are  otiicial.  They  occur  as  white,  lustre- 
less, silkv  needles,  odorless  and  having  a  very  bitter  taste. 

Quinidine  and  Quintcine  are  isomeric  with  quinine  and 
are  toimd  with  it.  Quinidine  is  distinguished  from  (]uinine  by 
its  strong  dextrorotatory  |X)vver.  Quinicine  is  produced  by  the 
action  of  heat  u[>on  quinine,  and  does  not  exist  in  the  bark. 
r>iiinidine  ornirs  in  large  prisms,  soluble  with  difficulty  in  water, 
but  soluble  in  alci^hol.  it  j^ivcs  the  same  reaction  as  quinine  with 
chlorine  and  ammonia.  It  has  a  bitter  tasie  and  tonic  properties 
similar  to  quinine^  and  its  s:tUs  resemble  those  of  quinine.  It  ii 
dcxtrorotatiiry.      The  sulphate  is  official. 

Cinchona — Cinchoninc — Cinchonina  (U.S.  P.) — C„H„- 
NjO,  occurs  in  cinchona  bark,  together  with  quinine  and  the 
other  alkiloids.  It  occurs  in  fo  ir-sided  needles,  lusing  at  150°  C. 
(302°  F.).  It  is  soluble  in  3810  parts  of  w.uer  and  140  parts  ot' 
alcohol.  Its  solutions  are  dextrorotatory  ;  clilorine  and  ammo- 
nia give  yellow  precipitates;  sejiarated  from  quinine  by  insolu- 
bility in  ether ;  very  bitter  and  has  less  tonic  properties  than 
quinine.     The  sulphate  is  official  also. 

Cocaine,  C^H^iNO^,  is  one  of  the  nine  alkaloids  which  occur 
in  the  leaves  of  Erythroxyion  coca.  It  occurs  in  monoclinic, 
glistening  prisms.  Heated  with  strong  HCl,  it  decomposes  The 
hydroclilorale  has  powerful  ansesthelic  properties.  Coca  leaves 
are  used  in  Peru  as  a  stimulant.  Its  taste  is  at  fiRt  bitter,  pro- 
ducing paralysis  of  the  sense  of  taste  and  a  consequent  numbness 
of  the  ton>;iie-  When  heated  with  strong  HCl,  it  decomposes 
into l^enzoic acid,  methyl  alcohol,  and ecgonine,C„H,j_NO,,  anew 
base.     Cocaine  has  been  prepared  syiitheticallv  from  ecgonine. 

The  hydrochloratc,  C,jH„NO,HCl  (cocainse  hydrochloras, 
U.  S.  P.),  is  the  only  official  salt.  It  occurs  .is  colorless,  transparent 
crystals,  having  a  bitterish  saline  taste,  and  producing  on  the  tongue 
a  tingling,  benumliing  scnsition  lasting  for  some  minutes.  It  is 
soluble  in  water  and  alcohol,  but  is  soluble  with  difficulty  in 
ether.  It  is  used  externally  as  a  local  anaesthetic,  eqiecially  on 
the  mucous  membranes,  and  also  inttrnally. 

Owing  to  its  stimtdant  and  cxhilarant  pro])erties,  cocaine  is 
sometimes  employed  as  a  stimulant,  and  occasionally  cases  of  the 
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cocaine  habit  are  met  with,  which  is  often  more  demoralizing 
that!  the  morphine  habit. 

Colchicine,  Cj,H.^(CH,0)NOj.  ociiirs  'WiC&Ichicum  aufumnale 
and  in  other  planls  ot  the  same  family.  It  is  a  yellow-whitei 
gummy,  amorphous  substance  (usually  amorphons),  with  a 
melting  point  ot"  about  147°  C  (296°  F.).  It  is  readily  soUibl: 
in  water,  alcohol,  and  chloroform.  It  is  eni[)loyed.  like  the  plant, 
in  the  treatment  of  rheumatism  and  gout  in  doses  froui  iJoth  to 
sVth  gr.  By  the  process  of  hydrolysis,  ihiij  alkaloid  yields  a 
second  one  called 

Colchiccine.CjiH^OHNOj. — This  substance  is  readily  solu- 
ble in  boiling  water,  alcohol,  and  chloroform,  and  but  slightly 
solulfle  in  cold  water.      It  is  occasionally  employed  in  medicine, 

Hyoscyamine,  C„H^NOj,,  is  an  alicaloid  occurring  in  bella- 
donna and  hyoscyamus.  It  is  isomeric  with  atrofiine,  and  is 
easily  converted  into  it.  It  occurs  as  yellow-white,  amorphous, 
resinous-like  masses,  or  as  prismatic  crystals,  having,  particularly 
when  damp,  a  tobacco-like  odor,  and  an  acrid,  nauseous,  bilter 
taste.  It  is  deliquescent  on  ex|)osure  to  the  air.  It  is  very  solu- 
uble  in  water  and  alcohol,  and  almost  insoluble  in  ether.  It 
dilates  the  pupils,  like  atropine,  and  possesses  sedative  pro])erties. 

Hyoscyaminae  Sulphas,  ((',tH„NO,),H,SO,.  and  Hyos- 
cyaminae  Hydrobromas,  Cj.H^^NO^HBr.  are  official. 

Hyoscinei  (\.H^,NOj.  is  another  alkaloid  obtained  from 
hyoscyamus.  Hyoscine  hydrobromatc  is  official.  It  occurs 
in  colorless,  tr.ins[jarent,  rhombic  crystals,  soluble  in  water  and 
alcohol.  Its  solution  has  a  bitter,  slightly  pungent  taste.  It  is 
employed  as  a  sedative  and  hypnotic,  and  is  especially  used  in 
mania  and  neuralgia.  It  is  more  active  and  rapid  in  its  effects 
than  either  alropia  or  hyoscyamine. 

Opium  and  its  Alkaloids. — Opium  is  a  concrete,  milky 
exudation  of  the  unrijje  capsules  of  the  Papaver  somnif- 
eruxn,  or  Poppy.  It  is.  chemically,  a  mixture  of  a  large  num- 
ber of  substances,  containing  gum.  albumin,  wax,  volatile  and 
coloring  matters,  meconic  acid,  meconin,  and  no  less  than  t6  or 
1 8  alkaloids,  the  most  important  of  which  are  morphine  and 
codeine. 

The  value  of  opium  in  commerce  is  generally  determined  by 
an  a.ss;iv  for  the  quantity  of  mor[)hine  present  in  it.  Ordinary 
opium  should  not  contain  less  than  9  ix;r  cent,  of  morphine,  and 
when  dried  at  85^  C  (185°  F.)  it  should  contain  from  12  to  16 
per  ceiu,  of  this  alkaloid,  when  estimated  according  to  the 
method  of  the  U.  S.  P. 
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Opium  occurs  in  ihe  market  in  irregular  or  globular  masses, 
with  ihe  remnant  of  ixjppy  leaves  adhering  to  the  surface.  It  is 
usually  plastic  in  consistency,  of  a  dark-brown  color,  and  a 
somewhat  shining  appearance.  It  has  a  nauseous,  ]ieculiar,  bit- 
ter taste.  When  the  gum  is  dried,  powdered,  and  exhausted 
with  ten  limes  its  own  weight  of  strong  ether,  the  ethereal  solu- 
tion separated,  and  sugar  of  milk  added  to  restore  the  original 
weight,  it  forms  the  denarcotized  opivim  of  the  U.  S.  P.  The 
principal  alkaloid  of  opium  is  morphme. 

Morphine— Morphinsc  (U.S.?  ) — C„Hu,NO,.  It  occurs  in 
short,  transjxirent,  trimetric  prisms,  odorless,  very  bitter,  and 
fusing  at  120'^  C.  (248**  K.j.  Morphine  is  soluble  in  hot  water, 
alcohol,  and  amyl  alcohol,  but  nearly  insoluble  in  cold  water  and 
only  slightly  soluble  in  cold  alcohol  and  amyl  alcohol.  It  gives 
a  blue  color  with  neutral  solutions  of  Fe,CI,;  itdecomposes  iodic 
acid,  giving  free  iodine.  Its  solutions  are  lavorotatory.  It  is 
esp)ecially  noted  for  its  anodyne  properties. 

Morphine  dissolves  readily  in  dilute  acids,  forming  very  solu- 
ble and  crystallizable  salts,  the  most  important  of  which  are  the 
official  sulphate,  hydrochlorate,  and  acetate.  When  heated  with 
large  excess  of  HCl^  it  gives  apomorphine,  C",,H„NOj,  which 
is  precipitated  as  a  white  ]x>wder  by  sodium  carbonate,  and  turns 
green  on  ex|)osure  to  the  air.  It  is  said  to  be  formed  spontane- 
ously in  old  morphine  solutions.  The  hydrochlorate  is  a  speedy, 
non-iriitant  emetic. 

Physostigminc — Eserine — Physostigma,  Cj^H^NjO,,  is 
an  alkaloid  obtained  from  the  Culabar  bean,  Physosti,\^ma  ventn- 
osum.  It  is  a  crystalline  or  amorjihous  brown-yellow  powder. 
Its  solutions  vary  in  color  from  red  to  blue,  and  are  strongly 
alkaline  in  reaction.  It  is  a  violent  poison  and  strongly  con- 
tracts tlie  pupils.  The  salicylate,  occurring  in  crystalline  prisms, 
and  the  sulphate,  a  yellow-white  crystalline  powder,  are  official. 

PLcrotoxinc,  C^^H^O,,,  colorless,  lustrous,  bitler  needles, 
obtained  fruin  the  fruit  of  Anamiria  pankulata.  It  reduces 
alkaline  copper  solutions.  It  has  an  intensely  bitter  taste,  and  is 
soluble  in  alcohol  and  in  water.  It  is  employed  in  medicine. 
It  is  official. 

Piperine,  C„H„NO,,  is  the  alkaloid  of  pepper.  It  crystal- 
lizes in  colorless,  tasteless,  inodorless  prisms,  melting  at  130°  C. 
(266"  F.).  The  alcoholic  solution  has  a  sharp,  [tej^pery  taste' and 
neutral  reaction.  It  is  soluble  in  alcohol,  but  almost  insoluble 
in  water. 

Pilocarpine,  C„H„N,0„  is  the  principal  alkaloid  of  Jabor- 
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andi.  It  is  uncrystallizable,  but  its  salts  crystallize  from  alcohol. 
With  H,S<),  it  forms  a  colorless  solution.  The  nitrate  and  hy- 
drot'hlorate  are  much  used  in  medicine.  Given  internally,  they 
produce  rapid  and  profuse  diaphoresis  and  salivation,  <iiiickened 
pulse,  and  lowered  teiniicratare.  With  large  doses,  the  heart 
stops  in  diastole.  The  hydrochlorate — Pilocarpinae  hydro- 
chloras  (U.  S.  P.),  is  official.  It  occurs  as  small,  white,  odor- 
less crystals,  having  a  slightly  bitter  taste,  very  soluble  in  water  or 
alcohol.     It  is  deliquesceni. 

Strychnine,  Strychnina,  U.  S.  P.,  C„H„N,0„  exists  in 
the  seeds  and  bark  of  nux  vomica^  and  in  the  seeds  of  Strychfws 
ignatiiC,  **  St.  Ignatius'  bean,"  and  other  plants  of  the  same 
family.  It  crystallizes  in  white,  fusible,  four-sided  trimetric 
pristas.  Its  bitter  taste  can  be  detected  in  a  solution  containing 
one  part  in  one  million  parts  of  water.  It  forms  soluble  crystal^ 
line  salts,  and  is  a  violent  poison,  producing  tetanic  convulsions. 
The  physiological  antidotes  are  morphine,  atropine,  and  chloral 
hydrate.  A  delicate  test  is  to  dissolve  the  sus|>ected  substance 
in  sulphuric  acid  and  add  a  fragment  of  potassium  dichromate, 
when  a  deep  purplc-rcd  color  is  produced  if  strychnine  is  present. 

The  British  Pharmacopoeia  does  not  recognize  any  of  the  salts 
of  strychnine.  In  Germany,  the  nitrate  is  official,  and  in  the 
U.  S.  P.,  the  sulphate,  which  is  tised  largely  in  medicine.  The 
phosphate  and  nitrate  are  also  used  in  this  country. 

Theobromine,  C^H^N^Oj.  occurs  in  the  seed  or  bean  of 
Theobromti  cacao.  It  closely  resembles  caffeine  in  its  physiolo- 
gical action.  It  is  eliminated  by  the  kidneys,  and  can  be  detected 
in  the  urine.  It  forms  small,  white,  trimetric  crystals,  sparingly 
soluble  in  water,  alcohol,  and  ether.  it  has  a  slightly  bitter 
taste.  The  salicylate  of  theot»romine  and  sodium  is  used  imder 
the  name  of  duretin.  Salts  are  unstable  and  decomjx>se  in 
contact  with  water. 

Vcratrinc,  C^H„N,0^,  occurs  in  A sagraa  officinalis.  White 
prisms  or  ^wwder,  melting  at  175°  C.  (347  K,)  and  solidifying,  on 
cooling,  to  a  resinous  mass,  its  dust  causes  violent  sneezing  ;  it 
is  a  violent  poison.  Concentrated  H,SO,  forms  a  yellow  solu- 
tion which  gradually  becomes  red.  It  forms  crystalline  salts. 
The  oleate  and  an  ointment  of  veratrine  are  ofHcial. 
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PTOMAINES. 

Putrefactive,  or  Cadaveric  Alkaloids.— These  alkaloids 
are  produced  during  the  putrid  decom|^>osition  of  animal  and  veg- 
etable matter,  and  probably  in  certain  pathological  conditions  in 
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the  human  body  during  life.  They  are  the  result  of  the  growth 
of  the  bacteria  that  produce  the  decomposition  of  dead  animal 
and  vegetable  tissue. 

Some  of  these  bases  are  very  poisonous,  producing  symptoms 
resembling  those  caused  by  strychnine,  atropine,  coniine,  etc. 
Selmi  obtained  poisonous  bases  containing  arsenic  from  the  body 
of  a  subject  who  had  died  of  arsenical  poisoning,  and  was  ex- 
humed fourlten  days  after  death.  It  is  probable  that  the  symp- 
toms of  poisoning  by  preserved  foods  such  as  canned  fish,  meat, 
etc..  that  are  occasionally  seen,  are  due  to  the  presence  of  some 
one  of  these  alkaloids.  Tainted  meal,  fish,  etc.,  should  not  be 
eaten.  The  author  has  known  of  a  number  of  cases  of  poisoning 
front  this  cause. 

Some  of  these  alkaloids  decompose  with  great  ease,  giving  a 
cadaveric  odur,  while  others  remain  i>:frmanent.  Although  they 
are  most  likely  to  be  found  in  pulrefying  animal  matters,  they 
have  been  produced  by  the  putrefaction  ot"  maize,  leguminous 
substances,  Hour,  etc.  Many  of  the  ptouiaines  are  volatile  and 
amorphous,  but  form  crystalline  salts  with  the  acids.  They 
answer  to  nearly  all  the  ordinary  reactions  of  the  vegetable  alka- 
loids. They  seem  to  possess  less  stability,  and  generally  have  a 
greater  tendency  to  undergo  oxidation  than  the  vegetable  bases, 
and  hence  frequently  act  as  reducing  agents.  The  ptomaines  are 
formed  during  the  earlier  stages  of  the  putrefactive  processes,  and 
as  putrefaction  progresses  they  gradually  disappear  and  give  place 
to  well-kno.vn  aromatic  or  hen/.6noid  compounds.  Hneger 
found  thai  there  are  produced  at  first  oxygenated  bases,  like 
choline,  mascarine,  neurine,  gadinine.  and  tetanine. 

These  seem  to  disappear  afterward  and  amins  take  their  places, 
such  as  dimethylamin,  irimethylamin,  triethylamin.  putrescin, 
cadaverin,  saprin,  neuridin,  collidin,  hydrocollidin,  parvolin, 
and  tyrotoxicon  (diazoben/ene).  Some  of  these  are  volatile 
and  others  decompose  on  the  application  of  heat,  especially  on 
evaporation  to  dryness. 

The  number  of  these  alkaloids  that  have  been  isolated 
is  considerable.  Some  of  them  have  not  been  sufficiently 
studied  to  determine  their  constitution.  Some  of  these  bases  so 
closely  resemble  the  vegetable  alkaloids,  that  they  have  l>een  mis- 
taken for  the  latter  by  chemists.  The  alkaloids  likely  to  be  con- 
founded wiih  ptomaines  are  conine,  nicotine,  strychnine, 
morphine,  atropine,  digitalinc,  vcratrine,  dolphinine,  and  colchi- 
cine. Not  only  do  the  ptomaines  have  many  reactions  that  have 
been  h.'retofore  regarded  as  characteristic  of  the  above  named 
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alkaloids,  but  their  presence  in  some  cases  prevents  the  detection 
of  certain  alkaloids  by  the  usual  reagents.  These  facts  have 
a  very  important  bearing  ij])Oii  the  toxicological  search  for  the 
alkaloids.  Indt^ed,  serious  mistakes  have  been  made  by  chemists 
who  have  had  charge  of  such  analyses,  owing  to  imperfect  knowl- 
edge of  the^  putrefactive  alkaloids. 

The  separation  of  the  ptomaines  from  the  vegetable  alkaloids 
is  attended  with  ^^reat  dilficnlty.  Tamba  states  that  the  oxalates 
of  the  vegetable  alkaloids  are  precipitated  from  soltilions  of 
mixtures  in  ether,  while  the  oxalates  of  the  ptomaines  are  solu- 
ble. That  is,  if  to  an  ethereal  solution  of  the  alkaloids,  an  equal 
volume  of  a  saturated  solution  of  oxalic  acid  in  ether  be  added, 
the  ox:ilaLes  of  the  vegetable  alkaloids  separate  out  on  standing, 
while  the  ptomaines  remain  in  solution.  Cadaverin  is  said  to 
precipitate  along  with  the  vegetable  alkaloids.  Another  some- 
what distinctive  reaction  for  the  ptomaines  is  their  reducing 
action  upon  [lotassium  ferricyanide.  If  a  solution  containing 
ferric  chloride  and  [lotassium  ferricyanide  be  treated  wiih  a  drop 
or  two  of  a  soliUion  containing  a  ptomaine,  the  ferricyanide  is 
reduced  to  ferrocvanide  which  gives  an  immediate  precipitate  of 
Prussian  blue  with  the  ferric  chloride.  The  only  vegetable 
alkaloids  thus  far  known  to  reduce  ferricyanides  are  morphine 
and  vcratrine. 

Physiological  Action  of  Ptomaines. — The  cadaveric 
alkaloids  arc  not  all  toxic.  Of  those  which  are,  ihere  is  a  great 
variation  in  the  degree,  as  well  as  in  the  symptoms  produced. 
The  free  [jtoniaines  are  more  energetic  than  their  salts.  The 
principal  symptoms  observed  in  dogs  are  the  following:  ist, 
dilatation  of  the  pupil,  followed  by  contraction,  sometimes  irreg- 
ular coniraclion  of  the  pupils;  2d,  jiaralysis  of  the  vasomoior 
nerves,  causing  an  increased  cutaneous  heat  and  injection  of  the 
heliies  of  the  ears  ;  3d,  diminished  or  slowing  of  the  res|)iration  ; 
4,  somnolence,  followed  by  convulsions  and  death;  5lh  loss  of 
muscular  contractility  to  electric  stimulus. 

The  symptoms  in  man,  although  varied  by  the  character  of  the 
poison  and  the  condition  of  the  individual  at  the  time,  are  gen- 
erally those  of  a  powerful  gastro-intestinal  irritant.  There  is 
usually  a  i>eriod  of  incubation  of  from  two  to  six  hours.  With  a 
given  article  of  food  containing  ptomaines  (undergoing  putrid 
fermentation)  there  is  frequently  a  remarkable  agreement  in  this 
period  of  incubation  in  dilTerent  jjersons,  the  symptom-*  in  all  be- 
ghining  within  a  few  minutes  of  the  same  time.  There  is  usually 
sudden   and  severe  retching  with  abdominal    ]ain,  prostration. 
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disturbed  circulation,  and  often  delirium.  There  is  sometimes 
dilatation  of  the  pupil  and  redness  of  the  skin,  or  a  fine  scarlatinal- 
like  eruption.  'I'hirst  is  usually  intense.  Diarrhtea  is  frequent, 
but  not  always  present;  the  discharges  are  very  offensive. 
Muscular  twitchings  and  even  convulsions  may  l>e  met  with.  There 
is  a  tendency  to  collapse,  which  must  be  guarded  again«>t.  The 
temperature  is  in  some  cases  elevated,  and  in  others  below  normal. 
The  above  description  applies  to  the  symptoms  ot  i)tomainc 
poisoning  as  usually  met  with  in  cases  of  jxiisoning  by  putrid  or 
decomposing  food,  and  not  to  the  individual  ptomaines.  While 
the  poisonous  projierties  of  some  ptomaines  ajc  well  marked,  in 
others  they  are  more  or  less  wanting.  Tlie  poisonous  ptomaines 
are  sometimes  called  toxins,  in  order  to  distinguish  them  frona 
the  non-poisonous  ones.  The  term  toxin,  however,  is  more  fre- 
quently applied  to  poisons  produced  by  l>aclerial  action,  without 
definite  knowledge  as  to  whether  it  be  a  ptomaine  or  toxalburain. 
Among  the  non-poisonous  ptomaines  are  a  numt>er  of  the  amin 
bases  which  may  be  formed  by  other  processes  than  putrefaction. 
Among  these  may  be  mentioned  methylamin,  dunethylamin,  tri- 
mcthylamin,  ethylamin,  diethylamin,  triethylamin,  propylamin, 
ncurodin,  most  of  which  have  been  mentioned  among  the  amins. 
Among  the  amins  may  be  mentioned  niydin,  C,H„NO,  pyrocy- 
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and  bdtaine,  C^Hj^NO,. 


The  most  important  of  the  poisonous  ptomaines  are  the  fol- 
lowing:— 

Cadaverin,  C^HuN,,  occurs  very  frei]uently  in  decom|>osing 
animal  tissue.  It  is  not  very  poisonous^  but  is  capable  of  pro- 
ducing intense  infiammalionand  suppurulion,  even  in  the  absence 
of  bacteria.  It  appears  late  in  ihe  putrefactive  process,  but 
readily  in  cultivations  of  the  cholera  bacillus,  and  the  Finckler- 
Prior  vibrio.  It  belongs  to  the  diamins  and  is  chemically  j>enta- 
methylcn-diamin.  It  is  a  syrupy  liquid,  possessing  an  nnplexsant 
odor  resembling  that  of  conime. 

Cholin,  CjHijNOj.is  similar  in  properties  to  neurin,  and  has 
been  already  mentioned  among  the  organic  bases. 

Muscarin,  C\H,3N0,,  was  tiret  discovered  in  [x)isonous  mush- 
rooms, A^aHcus  Mus^an'us.  It  has  also  been  obtained  by  the 
oxidizing  action  of  HNO3  on  cholin.  It  is  closely  related,  there- 
fore, to  this  base.  It  has  l>een  obtained  also  from  putrid  fish. 
It  is  a  very  active  poison,  acting  u[>on  the  muscular  tissue  itself, 
especially  of  the  heart.  It  is  antagonistic  to  atropine  in  its  action 
upon  the  heart.  Atropine  may,  therefore,  be  regarded  as  its 
physiological  antidote. 
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Neurin.  C^H^NO,  is  a  syrupy  base  of  strong  alkaline  reaction, 
and  has  been  obtained  synthetically  by  boiling  protagon  from 
brain  substance  with  baryta,  and  by  other  synthetic  processes. 
It  is  a  constant  product  of  cadjveric  jiutrefaction,  and  is  a  more 
powerful  toxic  agent  than  cholin,  with  which  it  is  usually  asso- 
ciated. Atropine  is  its  physiological  antagonist,  and  its  poisonous 
symptoms  may  frequently  be  dispelled  by  a  hypodermic  injection 
(jf  a  small  dose  of  this  alkaloid. 

Cholin,  muscarin.  and  neurin  usually  occur  together.  They 
are  all  active  poisons;  cholin  and  neurin  acting  like  curara;  mus- 
carin acting  on  the  muscular  tissue  itself.  They  are  atl antagon- 
ized by  atropine,  so  far  as  relates  to  their  action  on  the  heart. 
They  are  usually  present  in  the  putrefaction  of  ]>roteids,  and  are 
often  concerned  in  producing  the  symptoms  seen  in  cases  of  poi- 
soning by  putrid  meats. 

Gadinin,  C,H,flNO,,  has  been  obtained  from  putrefying  cod- 
fish. 

Mytilotoxin,  C^H^NO,,  is  the  active  agent  in  poisonous 
mussels. 

Typhotoxin,  CHj^NOj.  is  an  alkaloid  which  has  been  ob- 
tained from  pure  cultures  of  the  bacillus  of  typhoid  fever,  and  is 
supposed  to  be  the  chemical  poison  concerned  in  producing  the 
symptoms  in  this  disease. 

Typhotoxtn,  when  injected  into  the  circulation  of  animals, 
produces  a  lethargic  or  paralytic  condition,  in  which  the  animal 
falls  down  helpless.  Fretpiently  diarrhixiJl  evacuations  take 
jjlacL^  and  d&Uh  follows  iu  from  one  to  two  days. 

Telanin,  C,^Hj„NyO„  is  supposed  to  be  the  chemical  ^Kjison 
in  cases  of  tetanus.  It  produces  in  animals  the  characteristic 
symptoms  of  tetanus,  such  as  tonic  and  clonic  convulsions. 

Tyrotoxicon,  C.li^N^,  is  a  poison  which  has  hceu  sefiarated 
from  poisonous  cheese,  ice-cream,  and  milk.  Its  true  chemical 
composition  has  not  yet  been  cstaLilishcd.  It  is  supposed  to  be 
the  active  agent  in  producing  the  symptoms  usually  seen  in  cases 
of  cheese  ixjisoning. 

Putrcscin,  C.HijN,  (tctramethyldiamin),  is  usually  found 
accompanying  cadaverin,  but  uiake^  its  appearance  much  later. 
It  is  fotind  together  with  ( adaverin  in  faices  and  urine.  It  is  a 
jtoison,  but  not  very  virulent. 

The  symptoms  produced  by  it  are  very  similar  to  those  of 
cholera,  but  the  muscular  cramps  and  other  symptoms  produced 
in  cholera  are  probably  caused  by  other  prisonous  substances. 
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Poisonous  Proteids  and  Allied  Poisons.— Protein  sub- 
stances leadily  undergo  decomposition  under  the  influence  of  the 
growth  o!"  various  iiMcro-organisa)s.  Some  of  these  decomposi- 
tion pro<Uicts,  when  introduced  into  the  circulation,  are  poison- 
ous. Ihe  poisonous  proteids  are  not  easily  distinguishable  by 
chemical  or  physical  properties,  from  non  i>oisonou3  or  food 
proteids.  The  most  important  of  the  vegetable  protcid  poisons 
are  those  contained  in  the  seeds  of  Jequirity,  that  associated 
with  papain,  and  that  from  iupinus  iuteus. 

The  most  im^xtrtant  of  the  animal  poisons  are,  snake  poison, 
the  proteids  in  the  serum  of  the  conger  eel,  that  found  in  certain 
spiders,  and  under  certain  conditions  albumoses,  and  peptones. 
In  the  case  of  snake  poison,  no  bacteria  seem  to  be  present,  and 
the  proteids,  separated  in  ihe  pure  condition,  are  as  ]X}isonous  as 
the  original  venom.  The  venom  of  the  cobra  and  vi]>er,  accord- 
ing to  the  most  recent  analyses,  are  found  to  contain  globulin, 
albumin,  and  syntonin  in  the  former,  and  globulin,  albumin,  and 
albumoees  in  the  latter,  all  of  which  arc  poisonous,  'Ihe  chief 
symptom  produced  is  asphyxia.  The  disease-producing  bacteria 
foini,  us  a  result  of  their  growth,  certain  substances  which  arc 
more  or  less  poisonous.  Pure  r.ulturesof  the  anthrax  bacillus  pro- 
duce a  substance  which,  if  inoculated  into  animals,  renders  them 
immune  from  anthrax.  This  principle  is  believed  to  explain  the 
cause  of  immunity  in  animals  who  have  suffered  from  certain  spe- 
cific diseases.  The  imumnity  of  animals  who  have  suffered  from 
a  contagious  disease  is  supposed  to  be  due  to  the  production  of 
these  products  of  the  growth  of  the  specific  micro-organism  of 
that  disease,  and  immunity  may  be  produced  by  injecting  these 
products.  Most  siiecific  organisms  produce  a  toxin,  or  poison, 
and  an  antitoxin,  or  protective  principle.  It  does  not,  however^ 
ap]»far  that  in  all  cases  two  substances  are  necessarily  formed* 
1  he  bacillus  of  diphtheria  has  been  shown  to  produce  a  proteid 
which,  when  injected  into  animals,  jjfoduces  diphtheritic  symp- 
toms. These  proteids  obtained  from  bacterial  growth  have  been 
natned  loxall)uniitis  'I'hey  appear,  however,  to  be  an  active  form 
of  nibumose  rather  ihan  albumin.  Other  poisonous  proteids  have 
been  obtained  from  cultures  uf  the  bacilli  of  tetanus,  cholera, 
Ivphoid  fever,  and  chijlera  infantum.  Tlie  proteids  found  in  the 
latter  case  are  usually  highly  ]>oisonous  when  injected  under  the 
skin  of  dogs  or  other  lower  animals,  producing  vomiting,  purging, 
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collapse,  and  death.  Koch's  tuberculin  is  the  impure  toxalbu- 
miit^  or  albumose,  resviUing  from  the  growth  of  the  tubercular 
biirilhis  in  pure  cultures. 

Tubcrculocidin  is  the  purified  aljjumose  which  is  used  in  the 
treaiineiu  ol"  tuberculosis.  The  uiiiouut  employed  is  said  to  be 
about  33  grain  per  day. 

Diphtheria  Antitoxin  is  a  clear,  transparent  serum  obtained 
from  the  blood  of  an  animal,  ustjally  the  horse,  which  has  been 
rendered  immune  by  repeated  injections  of  a  pure  culture  of  the 
diphtheria  bacillus  rendered  sterile  by  lihration,  and  the  addition 
of  some  antiseptic.  It  is  supjiosed  to  coniain  the  protective  i^nn- 
ciple  against  the  toxin  of  dipfuhena,  which  has  been  develojied 
by  the  horse  during  the  immunizing  (irocess. 

Protective  serums  have  been  prepared  for  cholera,  tetanus,  rabies, 
anthrax,  and  other  diseases. 


LEUCOMAINES. 

This  term  is  applied  by  Gautier  to  those  alkaloidal  or  basic 
substances  elaborated  in  the  body  during  life.  They  are  either 
the  resul.  of  fermentative  changes  with  in  the  body,  or  of  the  nat- 
ural physiological  processes  in  the  cells,  or  by  retrograde  changes 
in  the  nitrogenous  tissues.  Most  of  these  alkaloids  are  dele- 
terious to  the  subject  when  anything  interferes  with  their  oxida- 
tion or  elimination.  They  are  eliminated  in  part,  at  least,  by  the 
kidneys.  They  act  especially  uix>n  the  nerve  centres,  ])roducing 
sleepiness,  lassitude,  or  occasionally  vomiting  and  purgation, 
borne  of  them  produce  a  febrile  condition,  while  others  produce 
a  lowered  temperature.  Some  of  them  are  to  be  found  in  the 
excreta,  viz.:  in  the  urine,  fasces,  perspiration,  etc.  Some  are  to 
be  found  jirincipally  in  the  muscles,  saliva,  brain,  liver,  spleen, 
and  other  glandular  Ixxlies.  The  ([uantity  and  character  of  the 
leucomaines  vary  with  pathological  conditions.  The  urinary 
leucomaines  have  received  s()ecial  study.  Though  scarcely  to  be 
found  in  certain  normal  u'ines,  ihcy  are  greatly  increased  in  cer- 
tain diseases,  so  that  this  tluid  may  at  times  become  very  poison* 
ous  when  introduced  into  the  cirtubtiotJ. 

Without  giving  a  detailed  description  of  these  bodies,  we  give 
the  following  list  of  names,  formula?,  and  sources  of  the  principal 
leucomaines :  — 

The  Xanthin  Group  of  Leucomaines. — These  are  all 
closely  related  to  uric  acid,  as  will  be  seen  by  com|>arison  of  the 
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Most  of  them  have  already  been  described  in  a  former 


(Uric  acid,  CjHjNjOj). 

Adenin,  C^H^N.,  pancreas,  spleen,  kidnejrs,  tymiihatk  glands. 
Hypoxantbin,  (^M,N/>,  spleen,  mu«cle>,  unnc,  kidney,  etc. 
Guonin,  C,H.N.O,  guano,  liver,  pancreu,  lungs. 
XanUiin.  ^Mi^fin  urinary  calculus,  almost  all  ti&suca. 
Heleruxatithin,  C^llgNjOj,  urine  nf  man  and  dog. 


Carnin,  C^HgNjOg.  exinict  of  meal, 

]'ACudoxaiUbin,  C^H^NjO,  beef  muscle. 

i^Knnin,  C^H^N,  s{>ermauc  fluid,  sputi  of  bronchitis,  spleen. 

The  Creatinin  Group  of  Leucomaines. — 

Creatinin,  C.HjNjO,  urine. 
Creatin,  CjHgNjU,.  urine. 
Xonthocreatinin,  C-Hi^N^O.  muscle. 
Cnuocrealinin,  CjHgN,0,  niu»i:le. 
Amphicreatinin,  C,HjpN,C\,  muscle. 

Some  of  these  bodies  are  sold  to  be  poisonous,  and  it  is  suspected 
uncmia  and  ni.'uiy  lA  rhe  nervous  symptoms  of  dyspepiiia  are  due  lu  their 
action.  There  are  probably  many  more  of  these  sul>stances  llian  have  been 
isolaled.  It  in  known  that  there  arc  certain  poisonous  substances  destroyed 
in  the  liver.  There  arc  certain  poisons  thrown  out  with  the  breath,  the  urine 
in  certain  diseases,  the  saliva  of  man  and  other  animals,  and  iu  various  niher 
Ua»ues  and  fluids.     Much  rtmains  to  be  known  of  these  substances. 


THE   GLUCOSIDES. 

The  glucosides  are  a  class  of  compounds  widely  distributed 
Ihroughoiit  the  vegt-table  kingdom.  They  may  be  resolved  into 
a  sugar  and  anotht?r  comiiouiid  by  acidn.  alkalies  or  certain  fer- 
ments. They  are  probably  ethers  of  glucose,  or  a  related  sugar. 
They  show  a  wide  range  of  properties  and  com[x)silion.  Solanin, 
for  example,  is  a  base,  while  others  have  a  distinct  acid  reaction. 
'J'hcy  are  usually  soluble  in  water  and  alcohol.  Most,  but  liol 
all,  of  them  reduce  Fehling's  solution.  They  are  notdecom- 
JJO^cd,  as  a  rule,  by  water,  but  are  easily  decomposed  by  heating 
with  dilute  H.SO,  orHCI.  Many  of  tliem  are  optically  active. 
A  few  of  theui  occur  iu  the  animal  body.  Many  of  them  are 
used  in  medicine.  We  can  mention  here  but  a  few  of  the  more 
important  of  these  bodies. 

Amygdalin.   Cj^Hy-NO,,,  occurs  in   hitter  almonds, 
kernels  of  cherries,  plums,  apricots,  and  in  the  leaves  of  latirels. 
Extracted  from  almonds  by  boiling  alcohol,  and  precipitated  by 
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adding  ether,  it  is  obtained  as  pearly  scales.  It  crystallizes  in 
prisms.  When  emulsin  Uhe  ferment  of  bitter  almonds)  is 
added,  it  splits  up  into  hydrocyanic  acid,  HCN,  benzaldehyde, 
CjHjCOH,  and  glucose. 

Arbutin,  C^H,/),,  is  extracted  from  leaves  of  Uva-Urei  It 
is  solulile  in  water,  has  a  bitter  taste,  and  is  crystalline.  Emulsin 
and  diluted  acids  yield  glucose  and  hydroquinone. 

Antiarin,  ('„H„0(^.2H,0. — It  is  the  active  principle  of  the 
arrow-poison  of  Java;  crystalline,  soluble  in  water  and  alcohol. 
It  is  obtained  from  I  he  milky  juice  of  Antiaris  toxicaria. 

Conifcrin,  C^H^O,,  occurs  in  the  cambian  layer  of  the 
coniffrir  family,  and  crystallizes  in  stellate  groujis  of  prisms. 
Emulsion  yields  glucose  and  coniferyl  alcohol.  This  latter,  when 
treated  with  sulphuric  acid  and  potatisium  dicliromate,  yields 
artificial  vanillin^  a  body  identical  with  that  obtained  from  the 
vanilla  bcnn.     It  is  now  manufactured  on  a  considerable  scale. 

Convolvulin,  C,,HjuO,.. — It  is  the  active  principle  of  jalap  ; 
a  resinous  mass,  soluble  in  alcohol  and  alkalies.  Jalapin  exists 
with  the  above  in  jalap. 

Digitalin  is  a  poisonous  sulistance  existing  in  common  fox- 
glove ;  it  forms  an  amorphous  powder  having  an  intensely  bitter 
taste. 

It  is  readily  soluble  in  water  and  absolute  alcohol.  Three 
glucoside  jirinciples  have  been  (lesciit>ed  as  occurring  in  digitalis  ; 
dtgitalcin,  digttonin,  digitalin.  Digitalein,  whose  formula 
is  CjH^Oj,  occurs  as  a  yellowi.sh  amorphous  powder,  freely  soluble 
in  water  and  alcohol.  It  is  said  to  combine  the  properties  of 
digitalin  and  digitoxin.  Digitoxin,  C„Hj,0,,  is  a  white  crystal- 
line body  of  a  bitter  taste,  readily  soluble  in  chloroform,  but  in- 
soluble in  water.  When  subjected  to  hydrolysis  it  does  not  yield 
sugar,  but  other  products.     It  is  used  in  medicine. 

Esculin,  Cj,H„0„.  and  Esculetin,  C,H,0,,  occur  in  the 
bark  of  the  horse-chestnut  tree ;  sjjaringly  soluble  in  cold,  more 
freely  in  hot  water;  are  crystalline  and  have  a  bitter  taste. 

Fraxin,  C„H„0,,  is  found  in  the  bark  of  the  ash  and  horse- 
chestnut  tree,  and  lorms  colorless,  needle-like  crystals,  soluble  in 
water,  furnishing  a  bitter,  fluorescent  solution. 

Glycyrrhizin,  or  Liquorice-Sugar,  C„H,.Oj,  is  the  sweet 
principle  of  licorice.  It  ts  a  yellow,  amorphous  powder,  having 
a  sweet,  acrid  taste.     It  is  soluble  in  water  and  alcohol.      Acids 

split  it  u)to  glucose  and  x'A'O''^^^^"'* 

Hellcborin,  C^H„()^,  is  found  together  with  helleborein, 
O,^.  in  the  root  of  green  hellebore.      It   is  insoluble 
water,  and  forms  glistening  needles.     It  is  a  powerful  poison. 


C«H 


491 


MEDICAL    CHEMISTRY. 


Indican,  C„H„N,0„.  occurs  in  all  plants  yielding  indigo. 
It  is  a  pale-brown,  syrupy  liquid,  having  a  bitter  taste.  When 
allowed  to  ferment,  or  when  treated  with  diluted  acids,  it  fornvs 
indigo  blue  and  indiglucin,  a  form  of  sugar.  Indigo  has  been 
prepared  synthetically  from  cinnamic  acid,  which  may  be  pre- 
pared from  toluene.  A  3iil>stance  called  indican  is  found  in 
the  urine,  but  this  is  not  identical  with  plant  indican. 

Populin,  C^mH„0^,  occurs  with  salicin,  in  the  bark  and  leaves 
of  the  aspen,  it  lorms  small  prisms  having  asweel  taste.  Boiled 
with  barium  hydroxide,  it  yields  saUcin  and  benzoic  acid. 

Phlorizin,  C„H„Ojp  -f  2H,0,  occurs  in  the  root  bark  of  the 
apple,  plum,  ptrar,  and  cherry  tree,  and  is  soluble  in  alcohol.  It 
is  soluble  in  hot  water,  from  which  it  crystallizes  in  silky  needles 
having  a  bitter  taste.  Boiled  with  diluted  acids,  it  yields  glucose 
and  phloretin. 

Polychroitc,  C„H^p,„  is  the  coloring  matter  of  saffron,  and 
forms  an  amorphous,  deliquescent,  ruby-red  mass. 

Qucrcitrin  or  Flavin,  C„H^O,,  occurs  in  i^,  quercitron, 
sumach,  grape-wine,  catechu,  etc.  It  is  slightly  soluble  in  water, 
soluble  in  alcohol,  and  forms  small,  yellow  crystals,  which  may 
be  partially  sublimed  in  beautiful  yellow  needles.  It  is  colored 
green  by  KcjCI,. 

Salicin  has  already  been  described  under  Salicylic  Acid,  f.  v. 

Santonin — Santoninum  (U.  S.  P.)— C,5H,^0,,  is  a  gluco- 
sidt  wiih  acid  pritperties  obtained  from  various  species  of  Arte- 
misia. It  crssiallues  in  colorless,  tasteless,  odorless,  rectangular 
prisms,  which  turn  yellow  on  exposure  to  the  light.  It  is  sparingly 
soluble  in  hot  water,  alcohol,  and  ether,  and  insoluble  in  cold 
water.  Patients  taking  santonin,  excrete  the  coloring  matter  by 
the  urine,  which  assumes  a  yellow  color,  which,  on  treatment 
with  an  alkali,  ch.inges  to  cherry-red  or  crimson,  this  color  bemg 
discharged  by  an  acid.  The  coloring  mafter  is  also  deposited  in 
various  other  tissues,  and  when  a  patient  is  taking  large  doses,  ob- 
jects appear  green  from  the  staining  of  the  tissue  of  the  eye. 

Saponin,  Cj^H^O,^,  occurs  in  quilhiay  or  soap  tree  bark, 
and  other  ])lants.  It  is  soluble  in  water  and  alcohol.  Its  solu- 
tion behaves  like  soap  solutions.  Jt  is  poisonotis,  but  it  is  some- 
limes  added  to  soda  water  to  produce  a  permanent  froth.  Its 
dust  causes  snee/ing. 

Solanin,  C„H^.NO,^,  occurs  in  sprouted  iwtatocs.  It  is  a 
glucoside  ;  soluble  in  alcohol,  nearly  insoluble  in  water,  and 
forms  gum-like  salts. 

Strophanthin,  CjoHj^Oj,,,  is  a  glucoside  obtained  from  slro- 
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phnntluis,  in  the  form  of  white,  bitter,  crystaUinc  plates;  slightly 
suluUlc  in  water,  suliible  iu  alcohol,  and  insoluble  in  ether,  carbon 
dibulpliidc,  or  bL-nzene. 

The  Tannins  form  a  group  of  bodies  found  widely  distributed 
in  plants.  Thtse  bodies  are  sohible  in  water,  have  an  acid  reac- 
tion, an  astringent  bitter  taste,  and  form  an  insoluble  compound 
with  gelatm  and  albumin.  They  uriile  with  animal  skin,  forming 
leather.  With  ft^rric  sails,  they  form  bhie-blark  or  green  pre- 
cipitates.  They  are  used  in  the  preparation  of  inks,  in  dyeing, 
and  tanning. 

Gallotannic  Acid— Acidum  Tannicum  (U.  S.  P.)—  C„- 
H^Ogli,  occurs  in  oak  l>ark,  uuigails,  sumach,  and  some  other 
plants,  in  considerable  quantities.  It  may  be  extracted  with  a 
mixture  of  ether  and  alcohol.  It  is  an  amorphous,  shining  mass. 
Ferric  salts  give  with  it  a  bluish-black  ]>recipitate  (ink)  ;  tartar 
emetic,  a  while  one.  It  precipitates  starch,  gelatin,  albumin,  and 
most  alkaloids.  Its  watery  solution  decomposes  when  exf)osed 
to  the  air  for  .some  time,  yielding  gallic  and  ellagic  acids.  Di- 
lated mineral  acids,  when  boiled  with  U,  give  gallic  acid  and 
glucose. 

Quinic  or  Quinotannic  Acid,  C,H^,0^,  occurs  chiefly  in 
cinchona  barks  as  a  salt  of  quinine,  but  is  also  found  in  the  bil- 
berry and  coffee  bean.  It  occurs  as  oblique,  rhombic  prisms. 
It  is  soluble  in  water.  On  dry  distillation  it  yields,  among  other 
producw,  benzoic  acid  and  phenol. 

(Jtlier  tannic  acids  are  known,  as  cafTeetannic,  of  coffee; 
quercitannic,  of  oak  ;  catechutannic,  of  catechu  ;  kinotannic, 
of  kino,  etc.,  which  vary  slightly  in  properties,  according  to 
their  source. 

PROTEIDS. 

ALBUMINOUS  COMPOUNDS, 


This  important  cla.ss  oi  l>odies  forms  the  chief  part  of  the  solid 
constituents  of  blood,  muscle,  lymph,  glands  and  other  organs  of 
animals,  and  is  also  found  in  plants,  principally  in  the  seeds. 
They  are  the  princii>al  substances  taking  part  in  the  physiologi- 
cal changes  in  the  organism.  They  are  mostly  colloid  (not  crys- 
Ullinc),  do  not  readily  diffuse  thron^^h  animal  membranes,  and 
arc  very  prone  to  decomposition.  They  all  contain  carbon,  hydro- 
gen, nitrogen  and  oxygen,  while  most  of  them  contain  sulphur 
in  addition,  and  all  contain  some  ash,  mostly  in  the  form  of  cal- 
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cium  phosphate-     Independent  of  the  ash,  they  have  about  the 

following  corajxjsition : — 


Carbon, 

50     to  54     per  cent 

Hydrogen, 

6.7  to    7.6      '• 

Nitrogen, 

13      10  18 

Oxygen, 

21      10  26          " 

Sulphur, 

0.410    1.6      •* 

GENERAL  PROPERTIES  OF  THE  PROTEIDS. 

Solubility.  — Ail  proteids  arc  insoluble  in  alcohol,  some  are 

soluble  in  water,  others  insoluble.  Some  of  those  insoltible  in 
water  are  soluble  in  weak  saline  solutions.  Some  are  insoluble 
in  concentrated  saline  solutions,  while  others  are  soluble.  All 
proteids  arc  soluble  with  the  aid  of  heal,  in  concentrated  mineral 
acids,  cauMic  alkalits,  and  acetic  acid.  Must  of  ihem  are 
soluble  in  the  gastric  and  pancreatic  juices,  but  they  undergo 
chemical  change  during  solution. 

Heat  Coagulation. — Many  of  the  proteids  which  are  soluble 
in  water  or  NaCl  solutions,  are  rendered  insoluble  when  these  solu- 
tions are  heaied  to  near  the  boiling  ])oint.  I'his  precipitation  is 
termed  coagulation.  The  temperature  at  which  the  proteids 
coagulate  is  lairly  constant  for  the  same  substance,  and,  as  dif- 
ferent jiroteids  coagulate  at  different  temperatures,  this  method 
may  be  employed  for  the  separation  of  mixtures  of  different  pro- 
teids. Unless  in  very  concentrated  solutions,  they  are  not  coag- 
ulated by  heat  in  alkaline  solutions,  but  are  converted  into  alkali 
albumin.  Acid  allnimin  dues  not  lorm  so  readily  as  alkali  albu- 
min, and  hence  slightly  acidulated  albumin  solutions  coagulate 
readily  when  heated.  An  excess  of  acid,  however,  dissolves  the 
precipitate,  thus  forming  an  acid  albumim.  The  temperature  of 
coagulation  of  the  different  proteids  varies  between  73°  and  84® 
C.  (163. 4*^  and  183.2°  ¥.)  lor  albumins,  and  between  56°  and 
75°  C.  (132.8°  and  167°  F.)  for  globulins. 

All  proteids  which  are  coagulated  by  heating  their  solutions, 
come  under  two  classes;  the  albumins,  which  are  5oluble  in 
water  and  weak  saline  solutions,  and  the  globulins,  which  are 
insoluble  in  water  and  soluble  in  weak  saline  sohitions.  All  the 
proteids  are  licvorotatory.  If  pure  and  in  solution,  they  may  be 
detected  and  estimated  by  their  specific  rotatory  power.  The 
specific  rotatory  power  of  serum  albumin  is  — 56;  egg  albumin, 
— 35  ;  serum  globulin,  — 59-7- 
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GENERAL  REACTIONS  OF  PROTEIDS, 

First.  Heated  with  strong  HNO,.  ihcy  and  ihcir  solutions  lum  yellow,  and 
deepen  into  an  orange  color  on  adding  Nti^OH,  NaOHj  or  KOH.  (Xanlho- 
prolcic  reaction).  U  proteiJs  be  present,  cxccyA  albumoscs  and  peptones,  a 
yellow  precipilale  is  always  obtained  on  adding  the  acid. 

Second.  Millon's  reagent  is  prepared  as  follows:  One  part  by  weight  of 
mercury  and  two  of  strong  H  .NUj  ure  mixed  and  gently  wanned  until  the 
mercury  is  dissolved.  The  solution  is  diluted  with  twice  its  bullc  of  water,  and 
the  precipitate  allowed  to  settle.  The  clear  supernatant  fluid  is  Milton's 
reagent.  If  a  few  drops  of  this  solution  l>e  added  to  a  solution  of  the  proteids, 
a  white  precipitate  occurs  which,  on  healing,  becomes  a  brick-red  color.  K 
they  arc  present  in  only  traces,  no  precipitate  is  obtniued,  but  the  solution  is 
Culored  red, 

rhird.  Add  an  excess  of  glacial  acetic  acid,  and  then  concentrated  H^SO^. 
A  viulet  color  with  a  feeble  fluorescence  is  formed  if  proteids  are  present. 
This  reailion  is  not  tlelicate,     {  Adainkicwic/'s  rfaclinn.) 

P'ourth.  If  albumin  is  precipitated  with  alcohol  and  washed  with  ether,  it 
give!)  a  deep  violet  color  when  heated  with  HCI.     (Liebermatin's  rcuciion.) 

Fifth,  If  mixed  with  n.n  excess  of  a  strong  solution  of  NaOK,  and  one  or 
two  drojis  of  a  diluted  solution  of  CuSO^  be  added,  a  violet  color  is  obtained, 
which  decpciJii  in  lint  on  tailing.      ( ISotrowski's  reaclion.) 

In  the  caie  of  albumoses  and  pepioncs,  the  color  is  rose-red  with  KOH,  and 
reddish -violet  with  NHjOIi.     This  is  also  termed  the  /'iwr^/ reaction. 

The  above  tests  serve  to  delect  traces  of  pro'cids,  and  dcfiend  u|n>n  the 
development  of  colors.  The  following  reactions  depend  upon  the  precipitation 
of  the  proteid  from  its  solution. 

Sixth,  Make  the  fluid  strongly  acid  with  acetic  acid  and  add  a  few  drops 
of  a  solution  of  KjFe(CN)^.  The  precipitate  shows  the  presence  of  proteids, 
CKcept  peptones  and  some  forms  of  ulbumose. 

Seventh,  Render  the  fluid  strongly  acid  with  acetic  acid  and  add  an  cquftl 
volume  of  a  concentrated  solution  of  Na,S< ),  and  boil.  This  precipitates  all 
proteids  excqjt  peptones.  This  test  is  useful  because  it'effects  a  very  complete 
separation  of  proteids,  except  peptones,  ati<l  the  reagent  employed  doca  not 
interfere  with  other  tests  which  are  likely  to  be  peiformed  U|>on  the  solution, 
after  the  removal  of  the  pr^neids  by  tiltration.  It  \%  ihereforc,  useful  to  sepa- 
rate albumiii  from  solution;*  befure  testing  for  sugitr. 

The  following  precipitntc  all  proteids:  Tannic  acid  in  the  presence  of  a 
faint  excess  of  acetic  acid;  double  iodide  of  mercury  and  [xttasMum  with  a 
slight  excess  of  HCI  ( Urucke's  reagent) ;  phosphotungslic  acid  in  the  presence 
of  a  considerable  excess  of  HCI  ;  excess  of  absolute  alcohol  in  neutml  or 
faintly  acid  solutions.  Various  neutral  salts,  more  particularly  ammonium 
sulphiite  and  magnesiiint  sulphate,  have  been  employed  for  the  precipitation 
and  separation  of  the  several  proteids. 

CLASSIFICATION  OF  THE 


Thf  prntcitis  are  conveniently  classified  as  follows:  — 
Class   I.  Native    Albumins,— Soluble   in    H,0 ;    solution 
coagtilateil  by  heating,  especially  with  diluted  acids;  not  precipi- 
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tated  by  alkaline  carbonates  or  NaCl ;  f,  g.^  egg  albumin  (ppid. 
by  ether),  serum  albumin  (not  [>pld.  by  ether)i  cell  albumin, 
muscle  albumin,  ami  lart-alltiunin. 

Class  2.  Globulins. — InsoluMe  in  water;  soluble  in  dilute 
NaCI  solutions;  soluble  in  very  diluted  acids  or  alkalies;  with 
strong  acids  and  alkalies  rapidly  changed  into  members  of  Class 
3;  readily  precipitated  by  saturating  their  solutions  with  NaCl, 
MgSO,,  (NH^),SOj,  and  certain  otherncutral  salts.  Their  solutions 
are  precipitated  by  heat;  e,  g.^  1,  crystallin,  of  the  crystalline 
lens  ;  2,  vitelUn,  from  eggs  ;  3,  serum  globulin  or  para-globulin  ; 
4,  fibrinogen  ;  5^  myosin  ;  and  6,  globin 

Class  3.  Derived  Albumins,  or  Albuminates. — Insoluble 
in  distilled  water  and  in  dilute  neutral  saline  solutions;  soluble  in 
acids  and  alkalies;  neutral  solutions  not  coagulated  on  boiling; 
e.  /,^,  acid  albumin,  or  syntonin,  and  alkaline  albumin,  casei- 
nogen,  anti-albumids,  and  glutenins. 

Class  4.  Fibrins. — Insoluble  in  water;  difficultly  soluble  in 
strong  acids  and  alkalies,  and  undergoing  a  simultaneous  change 
into  mcmberij  of  Class  3  ;  soluble  by  the  prolonged  action  of  a 
10  per  cent  solution  of  NaCl,  changing  into  members  of 
Class  2. 

Class  5.  Coagulated  Proteids. — These  are  the  products  of 
the  action  of  heat  on  members  of  the  preceding  classes,  or  of 
Class  3,  when  pptd.  by  neutralization  and  heal.  They  are  also 
obtained  by  the  prolonged  action  of  alcohol  in  excess  upon  Classes 
I,  3,  and  4. 

Class  6.  Albumoses  (proteoses  or  pro-peptones)  and  Pep- 
tones.— The  peptones  are  very  soluble  in  water;  are  not  preci- 
pitated by  acids,  alkalies,  neutral  s;ilis,  or  many  other  reagents 
which  precipitate  other  proteids.  They  are  precipitated  by  the 
jKolonged  action  of  strong  alcoliol,  but  not  coagulated.  They 
are  readily  diffusible. 

The  albuminoscs  are  readily  soluble  in  water,  and  are  distin- 
guished from  the  peptones,  by  being  precipitated  by  saturation 
wiih  neutral  ammonium  sulphate.  They  yield  precipitates  with 
many  of  the  reagents  which  precipitate  other  proteids.  A  char- 
acteristic feature  of  the  albumoses  is,  that  the  precipitate  with 
HNO3  and  K,Fe  (Cy),,  in  the  presence  of  acetic  acid,  disappears 
when  the  solution  is  warmed  and  reap])ears  on  cooling. 

Class  7.  Compound  Proteids  are  those  composed  of  a 
simple  proteid  united  to  some  non-protcid  l>ody.  This  class  in- 
cludes the  mucins,  the  nucleins,  nucleo-albumins.and  ihe 
compound  globubns  such  as  haemoglobin  and  its  derivatives. 


500 


MEDICAL    CHEMISTRY. 


» 


Class  S.  Albuminoids,  or  Gelatinoids,  are  Itodies  that  are 
{a)  either  so!ul)Ie  in  boiling  water,  \ielding  gelatin;  (/')  in- 
soluble in  boiling  water,  but  slowly  hydrated  by  boiling  with 
dilute  acids,  and  by  pei^sin-hydrochloric  acid ;  (^)or,  insoluble 
ill  lioiling  water,  dilute  acids,  alkalies,  and  gastric  or  pancreatic 
juice. 

Class  9.  Lardacein,  or  Amyloid  Substances. — Insoluble 
in  water,  diluted  acids,  and  alkalies;  and  converted  into  albumin- 
ates by  strong  acids  and  alkalies. 

ANIMAL    PROTEIDS. 

Serum  Albumin  exists  in  Hood,  chyle,  lymph,  and  in  small 
(|u:uiLity  in  uidk.  In  certain  renal  diseases  it  afjpears  in  tlie 
urine.  When  its  solutions  are  heated  to  about  73"  C.  (163.4*'  F. ), 
it  tjoagulatcs  to  a  flocculent  precipitate,  which,  when  dried,  forms 
a  compact  amorphous  maps. 

Its  solutions  have  a  specific  rotatory  power  of  — 56°.  Strong 
mineral  acids  first  precipitate  it,  then  dissolve  the  coagulum.  It 
k  not  precipitated  by  acetic  acid  alone,  but  when  acidified  with 
this  acid,  pota^ssium  ferrocyanide  and  ferricyanide  coagulate  it. 

It  may  l)e  obtained  from  blood  serum  iiy  saturating  it  at  36**  C. 
C96.S°  F.)  with  MgSOj,  which  j>recipitates  ihe  globulin.  The 
h Urate  is  saturated  with  sodium  sulphate  at  about  40^  C.  (104°  F.), 
which  precipitates  the  serum  allmmin,  containing  small  <)uaniities 
of  salt.  To  obtain  it  i>ure,  this  precipitate  is  suspended  in  water 
and  submitted  to  dialysis. 

Pure  Scrum  albumin  is  a  white,  or  pale  yellow,  amorphous  sub- 
stance, dissolving  readily  in  water,  foruiing  a  slightly  alkaline, 
opalescent  liquid^  slowly  coagulating  at  about  y^**  C.  (163.4°  F.J. 
It  is  not  precipitated  by  ether,  and  with  difficulty  by  alcohol. 

The  following  reagents  may  he  used  to  detect  its  presence  in 
solution  :  citric  or  acetic  acid  with  potassium  ferrocyanide,  potas- 
sio-mercuric  iodide,  mercuric  chloride,  picric  acid,  concentrated 
nitric  acid  or  trichloracetic  acid 

Egg  Albumin  is  found  in  the  white  of  eggs,  and  differs  from 
the  above  in  being  almost  insolublr  in  nitric  and  hydrochloric 
acids,  and  is  i>recipitated  by  alcohol  and  ether.  Its  specific 
rotatory  power  is  less  than  that  of  serum  albumin,  l>eing  — 35-5°- 

The  white  of  egg  is  a  semifluid  substance,  situated  between 
tlie  shell  and  the  ovum  proper,  or  yolk.  It  is  j*ermeated  by  a  net- 
work of  fibrillated  matter.  This  network  is  insoluble  in  hot 
water,  dilute  alcohol,  and  acetic  acid.     The  liquid  is  alkaline  in 
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reaction,  and  especially  rich  in  proteids,  containing  about  12-2 
per  cent,  as  a  mean,  varying  considerably  in  different  eggs  from 
XI  to  13  per  cent.  It  has  the  following  composition:  water,  82 
to  SS  per  cent.;  solids,  about  13.3  per  cent.  ;  proteids^  about 
12.2  p?r  cent. ;  sugar,  about  .5  per  cent.  ]  fats,  alkaline  soajw, 
lecithin,  and  cholcsterin,  about  .66  per  cent.     (Lehman.) 

The  proteids  of  white  of  egg  are :  i.  Globulins,  precipitated  by 
dilute  acetic  acid,  or  by  saturation  with  MgSO^  or  NaCl;  2.  Al- 
bumins then  remaining. 

Vegetable  Albumin  occurs  in  sniall  quantity  in  most  vege- 
table juices,  ll  shows  the  same  general  pru^>erties  as  the  other 
albumins,  but  contains  less  sulphur. 

THE   GLOBULINS. 

The  globulins  differ  from  the  albumins  in  being  insoluble  in 
water,  but  soluble  in  sodium  chloride  solution  (i  per  cent,  >. 
Except  vitellin,  they  are  precipitated  by  saturated  solutions  of  the 
same  salt.  They  are  soluble  in  very  diUae  HCl  (i  part  in  1000 
being  sufficient),  with  ]>roduction  of  acid  albumin. 

Vitellin  occurs  in  the  yolk  of  egg.  It  is  a  white  granular  body, 
soluble  in  dilute  NaCl  solutions,  and  not  precipitated  by  a  satur- 
ated solution  of  the  same.  It  coagulates  at  about  75^  C,  It 
dissolves  readily  in  dilute  acid  (I'a  per  cent.)  and  in  alkalies.  It 
is  precipitated  by  alcohol. 

It  is  readily  soluble  in  a  1  per  cent,  solution  of  Na,CO,,  and  is 
incompletely  precipitated  from  its  sotiiliun  by  dilution,  but  com- 
pletely by  passing  a  stream  of  CO|  through  it.  It  has  not  as 
yet  been'  obtained  free  from  lecithin.  It  may  be  prepared 
irom  egg  yolk  by  extraction  with  successive  portions  of  ether  as 
long  as  it  yields  any  color  to  the  solvent.  The  ether  is  evapor- 
ated, the  residue  is  dissolved  in  the  smallest  |K)ssible  amount  of  8 
to  10  per  cent.  NaCl  solution.  It  is  precipitated  from  this  solu- 
tion by  an  excess  of  water,  and  purified  by  the  re(»ctition  of  this 
process.  The  operation  must  be  conducted  as  rapidly  as  possible, 
since  the  prolonged  action  of  water  renders  the  vitellin  insoluble 
in  NaCl  solution.  Thus  obtained,  it  is  still  mixed  with  a  small 
amount  of  lecithin. 

Crystallin  is  usually  regarded  as  identical  with  vitellin.  It 
can  be  prepired  in  the  pure  form  from  the  crystalline  lens,  in 
which  it  occurs  to  the  extent  of  24.6  per  cent.  In  dilute  saline 
solution  it  coagulates  at  75"^  C. 

Serum     Globulin  — Paraglobulin  — Fibrinoplastin — oc- 
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curs  in  blood,  chyle,  lymph,  and  serous  fluids.  In  many  of  these 
fluids  it  exists  in  large  quantity,  and  these  coagulate  spontaneously 
when  removed  I'rora  the  living  body,  fonuing  fibrin — probably 
by  the  combination  of  two  modified  forms  of  globulin,  called 
fibrinogen  and  fibrinoplastin.  Globulin  is  not  completely  pre- 
cipitated by  a  saturated  solution  of  NaCl,  but  is  precipitated  by 
alcohol,  or  by  allowing  carbon  dioxide  to  bubble  through  the  liquid. 

Pure  paraglobuliti  is  insoluble  in  water.  Its  dilute  saline  solu- 
tion coagulates  on  heating  to  75°  C.  (167°  F.).  Globulins  also 
occur  pathologically  in  the  urine,  and  may  visually  be  discovered 
by  dropping  a  few  drops  nf  the  urine  into  a  large  quantity  of  dis- 
tilled water,  when  the  globulin  precipitates  as  a  while  cloud. 

Cell  Qlobutin  has  been  described  as  occuring  in  lymph  cor- 
puscles, ami  uiay  be  extracted  from  them  by  NaCI  solutions. 

Fibrinogen. —  Ihis  globuliu  is  found  in  blood  plosuia,  to- 
gether with  jjaraglobulin  and  serum  albumin.  It  is  also  found  in 
ch)le,  lymph,  serous  fluids,  transudations,  and  hydrocele  fluid. 
During  the  clotting  of  blood  it  isconverted  largely,  if  not  entirely, 
into  fibrin.  It  resembles  ]*aragIobulin  in  its  general  properties, 
but  is  distinguished  from  it  by  the  fact  that  in  blood  plasma,  or 
a  I  per  cent,  solution  of  NaCI,  it  coagulates  at  56°  C.  (132.8*  F.), 
while  paraglobulin  coagulates  at  75°  C,  (167^  F.).  It  is  also 
readily  precipitated  by  the  addition  of  16  per  cent,  of  NaCI  to 
its  solution,  whereas  paraglobulin  is  not  precipitated  until  at  least 
20  per  cent,  is  added. 

It  may  be  prepared  from  blood  i^lasma  which  has  been  pre- 
vented from  coagulating  by  the  addition  of  MgSO^.  By  the 
addition  of  an  equal  volume  of  a  saturated  solution  of  NaCI,  the 
fibrinogen  is  precipitated,  while  the  i)araglobulin  remains  in  solu- 
tion. The  characteristic  properties  oi  fibrinogen  are,  that  in  the 
presence  of  minute  quantities  of  certain  salts,  of  which  \aCl 
and  CaSO^  are  examples,  the  addition  of  fibrin-ferment  causes 
u  rich  formation  of  fibrin.  Without  such  addition,  the  solution 
of  fibrinogen  may  remain  permanent. 

Myosin. — When  an  irritable  contractile  muscle  passes  into 
rigor  mortis,  the  substance  of  which  the  muscle  fibrilke  are  com- 
posed undergoes  a  change  similar  to  the  clotting  of  the  blood, 
which  results  in  the  formation  of  a  clot  oi^  myosin.  Myosin  is 
the  name  given  to  a  solid  which  sejiarates  on  the  coagulation  of 
muscle  plasma.  Muscle  plasma^  freed  Irojn  blood,  is  a  yellowish, 
opalescent  syrupy  fluid,  which  filters  with  difticulty,  and  clots 
s|Xjntaneously  at  temperatures  above  o**  C.  (33°  F.).  It  may  be 
diluted  with  solutions  of  varying  strengths  of  several  neutral  salts, 
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by  which  its  clotting  may  be  delayed,  and  the  changes  it  under- 
goes may  be  studied.  Mtiscle  plasma  contains  a  globulin,  myo- 
sinogen,  which  is  a  generatar  oi"  myosin,  which  resembles  fibrin- 
ogen, and  coagulates  at  56^  C.  (132.8**  F  ).  This  is  converted 
into  myosin  on  clotting  by  the  action  of  a  specific  ferment,  and 
there  remains  in  tlie  solution,  after  the  formation  of  the  clot, 
rayoglobulin  and  an  albumin  resembling  serum  albumin.  Apart 
from  these  general  reactions,  myosin  is  distinguished  by  its  low 
heat  coagulation  lemperature,  56'^  C.  (132.8**  F.).  It  is  con- 
verted into  an  insoluble  proteid  by  the  prolonged  action  of  water, 
and  into  syntonin  by  the  action  of  acids.  Globulins  closely 
resembling  myosm  occur  in  vegetable  jirotoplasm,  and  in  the 
cells  of  the  liver.  Myosin  is  readily  digested  by  pepsin,  more 
slowly  by  tryi>sin. 

Globin  is  produced  by  the  sixintaneous  decomiiosition  of 
haemoglobin  on  exposure  to  the  air.  It  is  an  in.solu!tle  proteid 
of  which  little  is  known.  It  is  scarcely  soluble  in  dilute  acids 
or  alkalies,  or  in  solutions  of  NaCl. 

DERIVED  ALBUMINS,  OR  ALBUMINATES. 

There  are  two  fornvs  of  these  compounds,  the  acid  albumins 
and  alkali-albumins.  They  are  obtained  by  dissolving  albumin 
in  acids  or  alkalies.  Some  of  the  acid-albumins  contain  sulphur, 
while  the  alkali-albimiins  do  not.  When  freshly  prepared,  they 
are  soluble  in  dilutt^d  acids,  alkalies,  and  alkaline  carbonatts, 
and  their  solutions  arc  preri|)itated  by  careful  ncniralization,  but 
by  boiling  in  neutral  solutions  only,  and  with  difficulty  by 
alcohol. 

Globulins  arc  more  readily  converted  into  acid  albumins  than 
the  native  albumins.  Coagulated  proteids,  as  fibrin,  require  acid 
in  a  conccnirated  form.  As  obtained  from  the  various  proteids, 
the  products  exhibit  certain  marked  differences,  indicating  that 
each  proteid  yields  its  own  si>ecial  acid-albumin. 

Preparation  of  Acid-albumin.  —  Blood  serum,  or  the 
diluted  white  of  egg,  is  digested  at  40°  to  50°  C.  (104^  to  laa" 
F.)  for  several  hours  with  1  percent,  to  2  |>cr  cent,  of  HCl.  -The 
solution  is  filtered,  carefully  neutralized,  and  the  precipitate  col- 
iectetl  on  a  filler  and  washed  with  distilled  water.  It  may  be 
rapidly  prepared  by  beating  the  white  of  egg  with  glacial  acetic 
acid.  A  jelly  is  thus  formed  which  can  be  dissolved  in  warm 
water,  and  from  this  solution  the  acid-albumin  is  precipitated  by 
neutralizing  and  washing  as  before. 
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Syntonin  is  merely  ati  acid-albutnio  which  results  from 
action  of  acids  on  myosin,  or  muscle  globulin.  It  has  certain 
properties  which  dislinguish  it  from  the  similar  products  of  the 
action  of  acidi  on  other  proteids.  For  example :  It  is  soluble  in 
lime  water;  it  is  insoluble  in  acid  sodium  phosphate,  NaIi,PO^, 
while  other  acid  albumins  are  soluble.  When  preci|.iitated  from 
its  acid  solution  by  neutralizing,  the  precipitate  is  more  gelatin- 
ous than  chat  of  the  other  acid  albumins,  and  is  less  readily  solu- 
ble in  alkalies. 

Alkali-albumin  may  be  obtained  by  the  action  of  dilute 
alkalies  on  native  albumin  solutions,  u[>on  coagulated  albumin  or 
other  proteidi.  The  jcUy  produced  by  the  action  of  K.OH  solu- 
tion upon  white  of  egg,  is  alkali-albumin.  If  scrum,  egg  albu- 
min, or  muscle  juice  be  treated  with  a  dilute  alkali,  the  proteid 
undergoes  a  change,  and  is  converted  into  alkali-albumin.  This 
solution  is  no  longer  coagulated  by  heat.  The  proteid  U  entirely 
precipitated  upon  neutralization,  ar.d  the  precipitate  is  insoluble  in 
water  and  in  neutral  NaCl  solutions,  and  is  readily  soluble  in 
diluted  acids  or  alkalies.  It  has  been  a  matter  of  considerable 
discussion,  whether  acid-albumin  and  alkali-albumin,  when  pre- 
cipitated by  neutralization,  are  identical  or  different  substances. 

Casein  or  Caseinogen  is  a  natural  alkali-albumin  found  in 
the  milk  of  mammals,  and  differs  only  in  some  slight  particulars 
from  that  found  in  blood,  muscle,  etc.  By  some  it  is  regarded 
as  a  ULicleo-albuinin. 

Casein  exists  in  milk  in  the  soluble  form,  or  in  a  state  of  semi- 
solubiliiy.  Under  a  higli  magnify  mg  power,  the  casein  can 
u-iually  be  seen  as  very  fine  granular  i>articles,  and  therefore  a 
portion  of  it.  at  least,  must  be  in  su.si)en^ion.  instead  of  in  actual 
solution.  There  is  a  slight  difference  in  the  compiwition  and 
proi>erties  of  casein  of  cows'  and  of  human  milk,  which  explains 
a  part  of  the  difference  in  digestibility  of  the  two.  Casein  is 
somewhat  richer  in  nitrogen  than  alkali-albumin;  it  yieldssulphnr 
to  healed  potassium  hydroxide,  which  alkali-albumin  does  not. 
It  is  coagulated  by  rennin,  which  is  not  the  case  with  alkali-albu- 
min. Its  solutions  do  not  coagulate  on  t>oiling,  are  precipitated 
by  most  acids,  but  not  by  simple  neutralization  in  presence  of  an 
alkaline  phosphate.  Potassium  ferro-  and  ferri-cyanides  and 
dilute  sulphuric  acid  precipitate  casein  in  presence  of  free  acetic 
acid.  Rennet  contains  a  special  curdling  ferment,  rennin,  as 
also  do  gastric  and  pancreatic  juices,  which  can  precipitate  casein 
from  alkaline  solutions  at  slightly  elevated  temperatures. 

This  precipitation  is  due  to  the  specific  action  of  an  enzyme, 
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which  results  in  the  formation  of  a  substanre  differing  essentially 
from  casein  and  callt-d  tyrein.  It  has  been  projiosed  to  call 
the  coat^tilatcd  product  casein,  and  the  sulwiance  in  solntion 
caseinogen.  "fhe  relation  of  these  bodies  is  the  same  as  that 
between  iibrin  and  fibrinogen.  Simultaneously  with  the  forma- 
tion of  the  clot,  a  by-product  is  formed  having  the  properties  of 
the  soluble  albumins.  The  curd  differs  from  casein  in  the  fact 
that  it  is  less  soluble  in  acids  and  alkalies;  casein  alwap  leaves 
a  larger  amount  of  residue  on  ignition.  Calcium  phosphate 
seems  to  play  an  important  i>art  in  the  coagulation  of  casein.  If 
the  casein  be  freed  from  calcium  phosphate,  and  dissolved  in  a 
dilute  alkali,  it  will  not  yield  a  curd.  It  may  be  alsa  stated 
that  casein  precipitated  by  acids  instead  of  by  rennin  cannot  be 
employed  for  the  manufacture  of  cheese,  as  it  will  not  '*ri|>en/' 
Cheese  can  only  be  made  by  the  use  of  rennin.  When  milk  is 
submitted  to  dialysis,  to  separate  the  inorganic  salts,  it  yields  no 
clot  with  rennin  ;  but  if  the  salts  l>e  added  again,  it  yields  a  clot. 
The  action  of  calcium  phosphnle  ajipears  to  be,  that  it  assists  in 
the  se|iaration  of  the  clot  from  the  solution.  The  calcium  salt  is 
not  alone  essential  for  this,  as  similar  salts  of  Mg,  lia,  or  Sr  will 
give  similar,  though  less  efficient,  results. 

Solutions  of  alkali-albumin  cannot  be  made  to  clot  by  the 
action  of  pure  rennin. 

The  casein  of  cows*  milk  differs  from  that  of  human  milk  ia 
the  following  particulars:  i.  Human  milk  forms  finer  coagula 
than  cows*  milk,  and  sometimes  not  at  all,  with  rennin.  3.  In 
human  milk  the  casein  yields  a  very  im|>crfect  precijiitation  with 
acetic  acid,  which  is  a  finely  flocculcnt  precipitate  as  compared 
with  the  coarsely  flocculcnt  precipitate  yielded  by  cows'  milk. 
The  casein  can  be  completely  precipitated  from  human  milk  only 
by  saturation  with  MgSO^.  and  not  with  acetic  acid.  3,  Casein 
from  human  milk  is  lesssoluMe  in  water  than  that  of  cows'  milk. 
When  digested  with  gastric  juice,  casein  yields  caseoses  instead  of 
albumoses,  and  coagulated  proteids.  Lehman  says  that  cow 
casein  is  a  double  comjjound  of  casein-calcium  with  calcium 
phosphate,  in  which  1.4  to  1.7  j>er  cent,  of  the  calcium  is  com- 
bined directly  with  the  casein.  Cow  casein  contains  about  7.2 
per  cent,  of  ash  with  6.6  per  cent,  of  Ca,PO^,  while  human  casein 
contains  but  3.2  per  cfnt.  of  Ca^PO^. 

It  is  thus  probable  that  the  two  caseins  are  chemically  different 
substances. 
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COAGULATED  PROTEIDS. 

Very  little  is  known  of  the  chemical  characteristics  of  the  pro- 
teids  after  coagulation.  These  products  are  produced  by  healing 
solutions  of  the  proteids,  generally  in  slightly  acid  solutions,  or 
by  the  action  of  the  various  agents  which  have  been  mentioned 
above.  They  are  insoluble  in  water,  dilute  acids,  alkalies,  and 
neutral  saline  solutions  of  all  strengths.  They  are  soluble  only 
in  strong  acids  or  alkalies,  though  often  the  prolonged  action  of 
dilute  acids  or  alkalies  will  effect  some  solution,  especially  at  a 
high  temperature.  During  these  solutions,  however,  a  destructive 
decomposition  takes  place,  some  acid-  or  alkali-albumin  always 
being  produced,  together  with  some  peptone  and  allied  substances. 
The  coagulated  i>roteids  are  readily  converted  into  pej^tones,  at 
tlie  temperature  of  the  body,  by  the  action  of  the  gastric  or  the 
pancreatic  juice.  All  proieids  in  solutions  are  precipitated  by 
altohol.  If  the  alcohol  be  rapidly  removed,  the  proteids  are 
again  soluble  in  water;  hut  if  the  precipitate  be  leit  in  contact 
with  the  alcohol  for  some  time,  it  loses  its  solubility. 

Fibrin  is  a  white,  elastic,  more  or  less  fibrillated  solid,  insolu- 
ble in  water  or  dilute  salt  solution.  It  is  soluble  in  acids  (i  to 
5  percent.)  with  difficulty.  With  strong  hydrochloric  acid,  it 
forms  a  violet  solution.  When  boiled  with  caustic  alkaline  solu- 
tions, it  forms  ammonia  and  alkaline  sulphides.  Fibrin  may  be 
prepared  by  whipping  blood  with  a  bundle  of  twigs,  and  washing 
the  coaguhtm  with  water  and  then  with  alcohol  and  ether. 

It  is  doubtful  wliether  fibrin  is  a  single  substance,  or  whether 
there  are  several.  The  solubilities  and  behavior  of  fibritis  depend 
very  much  open  the  conditions  of  their  formition.  When 
unboilt'd  fibrin  is  washed  until  it  is  while,  and  digested  by  active 
trvf^in,  it  is  largely  converted  into  coagulable  proteids  during 
the  first  stages  of  the  digestion.  These  proteids  are  globulins, 
one  of  which  is  closely  related  to  jKiraglobulin,  as  its  saline  solu- 
tions coagulate  at  75°  C.  (167*^  ¥.).  A  second  globulin,  the 
product  of  trj'psin  digestion,  coagulates  at  55  1056*  C.  (131  to 
132.8*  F. ),  and  in  this  respect  closely  resembles  fibrinogen. 
Globulins  are  also  produced  by  the  action  of  pepsin  in  the  first 
stages  of  its  action  upon  raw  fibrin.  If  the  fibrin  is  boiled,  or 
treated  for  some  time  with  alcohol  before  digestion  with  trypsin 
or  pepsin,  mere  traces,  if  any,  of  these  globulinsare  obtained.  It 
is  possible,  therefore,  that  the  globulins  obtained  by  this  treat- 
ment maybe  present  in  the  raw  fibrin,   as  such.     When  boiled 
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with  water,  or  treated  for  some  time  with  alcohol,  fibrin  loses  its 
elasticity  j  its  solubility  in  the  various  reagents  is  lessened,  and  its 
digestion  with  pe[>iin  and  trypsin  is  rendered  more  difficult.  It 
resembles  the  ottier  coagulated  proteids.  Fibrin  has  the  peculiar 
property  of  decomposing  hydrogen  peroxide.  Pieces  of  fibrin 
placed  in  this  fluid  seem  to  undergo  no  c hinge,  but  decom|x>se 
the  H,0,.  Guaiacimi  is  turned  blue  by  fibrin  in  the  presence  of 
HjOj  or  turpentine,  and  in  this  respect  giving  the  reaction  for 
blood   with  ihis  reagent. 

In  LH»nip:iring  globulin,  myosin,  and  fibrin,  they  form  a  series 
in  which  myosin  i^  intenuediaie  between  the  globulin  and  fibrin 
in  its  solubility  and  most  of  its  reactions.  Myosin  is,  in  fact,  a 
some^vliat  more  soluble  form  of  fibrin,  depositing  in  clumps  or 
masses  mstead  ot  in  threads  or  filaments. 


ALBUMOSES    OR  PROTEOSES. 

When  any  of  the  proieids  above  described  arc  submitted  to  the 
digestive  action  of  p^rpsin,  trypsin,  or  certain  other  enzymes,  cer- 
tain intermediate  products  are  produced  in  the  earlier  stages,  which 
finally  become  peptones.  When  the  digestive  fluid  employed  is 
pepsin  with  dilute  HCl  (o.  2  per  cent,  solution),  a  small  portion  of 
the  proteid  is  first  converted  into  acid-allmmin.  This  may 
l>e  precijiitated  by  neotratizing  such  a  fluid  in  the  early 
stages  o(  the  digestion.  At  a  later  stage  of  the  digestion,  this 
acid-albumin  disappears,  and  other  products  make  their  appear- 
ance which  are  known  collectively  under  the  name  of  albumoses, 
or  proteoses.  By  the  continued  action  of  pe|isin  and  hydrochloric 
acid,  these albumosesare changed  into  i»eptonesas  a  final  product.. 
•  The  process  above  described  consists  in  agradual  hydrolysis  of 
the  proteid  molecule  with  the  result,  at  first,  of  a  cleavage  or  split- 
ting of  the  molecule  into  two  groups  of  radicals,  known  as  the 
hemi-group  andautigroup  These  groups  give  rise  to  two  distinct 
classes  of  products.  These  two  groups  may  be  separated  by  the 
action  of  sulphuric  acid  (3  per  cent.)  at  ioo*'C.  (212**  F.),  about 
half  of  the  proteid  going  into  solution,  there  remaining  (anti- 
group)  a  gelatinous  mass,  insoluble  in  ddute  acids,  but  readily  solu- 
ble in  a  dilute  solution  of  sodium  carl>onate.  It  is  only  slightly 
digested  by  gastric  juice,  but  is  readily  dissolved  by  pincreatic 
juice,  and  converted  into  anti-peptone.  The  above  mentioned 
residue,  insoluble  in  dilute  acids,  is  now  generally  called  antial- 
bumid,  but  was  formeily  called  hemi]jrotein.  The  sulphuric  acid 
solution  contains  the  decomposition  products  of  the  hemi-por- 
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tion  of  the  proicid  molecule,  vir. :  hernialbumose,  hetnipeptone, 
leucin,  tyrosin,  ttc.  Hcmipcptonc  is  gradually  changed  by  the 
tn'psin  of  the  pincrcatic  juice  into  simpler  crystalline  conn|K>tinds 
likeleucin,  tyrosin,  etc..  while  antipeplone  is  incapable  of  Inrthcr 
change  by  trypsin.  The  aciiun  of  peisin-hydrochloric  acid  upon 
albumin  can  be  summarized  as  follows :  The  first  action  is  to 
form  acid-albumin.  This  is  then  split  into  two  grou[is  of  primary 
proteoses,  caWtd  prof^aihttmoses  and  heteroalfmmoses ,  of  each  of 
which  there  isahemi- and  an  ami-variety.  The  first  of  these  is  pro- 
duced principally  from  the  hemi  groujjsof  the  albumin  molecnic. 
with  a  much  smaller  amount  coming  Irom  the  anti-groups.  T  he 
second  is  produced  princi[^ally  from  the  anti-groups,  a  smaller 
quantity  l)eing  furnished  by  the  hemi-groups. 

The  primary  proteoses  are  changed  by  further  action  of  the 
pepsin  into  secondary  proteoses  or  deuteroalbumose.  and  finally 
into  i>cplones,  of  which  there  arc  two  varieties.  The  cleavage  of 
the  albumin  molecule,  under  (>eptic  digestion,  also  splits  off  a 
certain  amount  of  aniiaHmmui^  which  is  further  changed  into 
deutcro-albumose  and  finally  antipeptone. 

The  gastric  digestion  of  proteids  is  thus  seen  to  be  a  compli- 
cated process.  The  following  scheme  will  make  these  changes 
somewhat  clear. 

ALBUMIN. 

Acid  Albumin. 


(nemi  Group.)  (Anti  Group.) 

I  I 

Hemi  Proto-AlbuRiose.     Anti-Hetero-Albumose. 
Anti-ProU)  Albumose.         I  lemi-Hetero-Albumose. 

I  I 

Hemi  Deutero  Albumose.  Anti  Dcuiero-AlbumoBe, 

Anti-DcutcTo  Albumose.     \\tm\  Deutero-AIbumose. 


And  albumid. 


Anti  Deutero- 
Albumose, 


Hemi- Peptone. 
Anti  Peptone. 


Anti  Pe{>tone. 

I  lemi- Peptone. 


Anti  Peptone; 


NoTC — Tfae  bold  face  type  indicates  that  that  variety  of  each  prodnct  is 
furmrd  in  largest  nmoiint,  while  ilie  prefixes  bemi  and  anti  indicate  frum  which 
group  or  part  of  the  mulccule  each  is  formed. 

When  lry[»sin  is  employed  in  the  digestion  of  proteids.  the  pro- 
cess is  somewhat  difiVrent,  and  the  decompositions  of  the  proteid 
e  much  more  complicated  than  is  the  ca.se  with  pepsin.     In- 
d  of  acid-albumin,  a  small  <|iiantity  of  alkali-albumin  is  at 
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first  formed,  together  with  more  or  less  coagulable  globulin. 
Albumoscs  soon  make  their  appearance,  which  are  somewhat 
rapidly  converted  into  pe[>tones,  some  of  which,  in  turn,  are  con- 
verted into  leucin,  tyrosin,  and  other  products.  Somewhat  simi- 
lar products  of  decomijosition  may  be  produced  by  the  action  of 
acids  and  alkalies  alone  upon  proteids.  The  character  of  the 
products  depends  upon  the  concentration  of  the  acid,  the  tem- 
perattire  and  (he  duraiion  of  the  action. 

Proicids  may  also  be  jieptonized  by  the  action  of  water  at  a  high 
temperature  and  undtr  pressure.  The  albumoses  are  thus  the 
true  primary  products  of  the  hydrolysis  of  proteids. 

The  albumoses  are  best  prejiared  by  the  action  of  a  small 
amount  of  very  active  i>ep^in  on  a  large  amount  of  fibrin  prev- 
iously treated  with  0.2  jxt  cent  IICI  at  40°  €.(104'^  F.),  or 
by  heating  proteids  with  water  under  pressure  for  several  hours 
at  al>out  150*  C.  (302*  F.)-  Under  the  action  of  pepsin  the 
fibrin  dissolves,  and,  as  soon  as  this  is  complete,  diluted  Na,CO| 
solution  is  added  until  the  reaction  is  fainily  alkaline,  when  the 
acid-albumin  is  precipitated.  This  is  removed  by  filtration,  and 
the  filtrate  contains  albumose  with  but  a  faint  trace  of  peptone. 
The  primary  albumoses  (proto-albumose  and  hetero-albumose) 
may  be  precipitated  from  this  solution  by  strongly  acidifying 
with  acetic  acid  and  saturating  the  solution  with  NaCl.  The 
albumose,  as  thus  precipitated,  may  be  collected  on  a  filter  and 
washed  with  a  saturated  solution  of  NaCl.  U  may  again  be  dis- 
solved in  water  if  desired. 

Solutions  o(  albumoses  give  the  following  reactions: 

First.  Aceiic  or  niiHc  acid,  added  drop  by  drop,  crccipilttles  prtmar)' olhn- 
mosca  in  the  cold,  the  precipitate  dissolving  un  warming  (o  separate  again  on 
cooling. 

Second.  If  ihc  solution  be  >ligbtly  acidulated  with  acetic  acid,  avoiding  all 
excess,  and  a  trace  of  potassium  ferrocyanide  be  added,  a  precipitate  forms 
which  di]uip[)c«rs  on  warming  to  reappear  again  on  cooling. 

Third.  On  adding  caustic  ^o<ia  in  excess  and  a  drop  of  a  copper  sulphate 
soUilion,  the  l»iuret  reaction  is  obtained.  'ITiis  reaction  is  also  ohiained  with 
sohiiions  of  pcptonei*,  but  not  wiih  other  soluble  proteids.    (See  Table,  p.  497,) 

I'uurth.  A  weak  solution  nf  copper  sulphate  (2  per  cent.)  precipitates  primary 
but  not  secondary  albumoses. 

Peptones. — The  gastric,  pancreatic,  and  probably  the  intes- 
tinal juices  convert  albuminous  l»odies  into  a  more  soluble  and 
diffusible  form,  called  peptones.  Several  different  peptones 
have  been  described,  but  some  of  theni  arc  probably  mixtures  of 
albumoses  and  true  peptone.  Since  the  conversion  is  a  gradual  pro- 
process  of  hydration,  it  is  but'Oatunl  to  expect  such  a  mixture. 
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Dehydrating  agents,  as  heat,  can  reverse  the  process,  and  convert 
peptone  into  alLmmin. 

The  reactions  of  peptones  are  mostly  negative.  Solutions  of 
peptone  do  not  exhihita  viscid  character,  are  not  coagulated  by 
heat,  nitric  acid,  or  acetic  acid  and  poiassiiim  ferrocyanide.  Al- 
cohol precipitates  them,  but  the  precipitate  is  soluble  in  water. 
Tannin,  mercuric  chloride,  picric  acid,  aiid  potassio-mercuric 
iodide  precipitate  them  in  the  cold. 

The  mos.  marked  property  is  their  extreme  solubility  in  vv-ater 
and  their  compiraiively  ready  dilTusibility  through  animal  mem- 
branes. Amyloid  matter  is  not  converted  into  peptone  by  i>ep- 
sin  or  trypsin. 

Peptones  may  be  separated  from  albumoses  by  saturating  the 
solution  with  ammonium  sulphate,  when  the  albumoses  are  pre- 
cipitated, while  the  jiepiones  are  not.  Nothwith^-tanding  the 
formation  of  peptones  in  considerable  tjuantitiei,  during  stoiiuch 
and  intestinal  digestion,  very  little  can  be  found  in  these  locali- 
ties at  any  time.  They  arc  probably  absorbed  as  soon  as  formed. 
It  IS  also  a  matter  of  interest,  that  lliey  disappear  as  soon  as  ab- 
sorbed, and  are  converted  back  into  other  proteids  as  soon  as 
tliey  enter  the  blood,  or  probably  while  passing  through  the  mem- 
branes. It  is  believed  that  this  change  is  produced  by  the  tissue 
ceiU  of  the  mucous  membrane  or  of  the  villi. 


THE  COMPOUND  PROTEIDS. 

Besides  the  simple  proteids  which  we  have  noticed,  there  are 
certain  well-defined  substances  lound  in  nature  that  are  com- 
posed of  com|iouniJs  of  these  with  some  noii-proteid  body.  In 
this  class  of  substances  we  will  include  haemoglobin  and  its  de- 
rivatives, to  be  mentioned  when  we  come  to  sjjeak  of  the  animal 
pigments.  These  are  compounds  of  globnbn  with  an  iron  con- 
taining pigment. 

Mucin,  another  compotind  proteid,  is  a  compound  of  a  pro- 
teid  with  a  carbohyilraie,  having  a  reducing  power  on  Fehling's 
solution.     They  are  somciimcs  called  ihe  gluco-proteids. 

Mucin  occurs  in  the  cement  substance  of  connective  and 
epithelial  tissues.  It  is  also  present  in  bde,  and  the  secretions  of 
mucous  membranes. 

To  prepire  it  from  bile  precipitate  with  alcohol,  dissolve  the 
precipitate  in  lime  water,  precipitate  again  with  acetic  acid,  filter, 
and  wash  with  alcohol  or  ether.  It  swells  up  in  a  little  water,  and 
dissolves  in  a  large  quantity.     Its  solutions  do  not  coagulate  on 
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heating,  and  it  contains  no  sulphur.  It  is  insoluble  in  alcohol, 
ether,  chloroform,  or  gastric  juice. 

Its  solutions  are  precipitated  by  acetic  acid,  alum,  basic  acetate 
(sub-acclate)  of  lead,  and  very  dilute  mineral  acids.  Its  solu- 
tions dissolve  oxide  o(  copi>er,  and  thus  hinder  the  copper  te&t  for 
sugar,  when  applied  to  urine  containing  an  abundance  of  mucus. 

Closely  related  to  mucin  are  certain  substances  which  form 
ropy  solutions,  but  which  are  not  precijiitated  by  acetic  acid. 
These  have  been  named  mucoids  or  mucinoids.  They  occur 
with  mucin  in  submaxillary  sah'va,  in  intestinal  mucus,  in  the 
umbilical  cord,  etc. 

Another  group  of  the  compound  proteids  are  compounds  of  a 
protcid  with  nucleinic  acid.  They  are  phosphorized  bodies  called 
nucleins.  They  are  insoluble  in  water  and  in  gastric  juice,  but 
are  more  or  less  soluble  in  alkalies. 

Nuclein  is  the  name  given  to  the  material  of  which  the  nuclei 
of  cells  are  principally  composed.  Wlicn  pus  or  yeast  cells,  or 
red  blood-cor|tuscles.  yolk  of  egg,  or  salmon  eggs  are  extracted 
with  water  and  diluted  HCl,  the  cellsare  broken  up  and  dissolved, 
and  the  nuclei  separated  from  them.  By  treatment  of  the  solu- 
tion with  alcohol  and  ether,  and  final  digestion  with  pefsin,  the 
nuclein  is  left  as  a  residue.  When  prepared  pure,  it  is  an  amor- 
phous substance  rich  in  phosphorus,  which  is  set  free  as  phos- 
l^horic  acid  when  it  is  boiled  with  alkalies.  At  the  same  time  a 
proieid  is  produced  as  one  ol  the  products  of  the  decomposition. 
Nuclein  has  lately  come  into  prominence  as  a  thera|jeutic  agent 
for  the  treatment  of  certain  contagious  and  wasting  diseases. 
Nuclein  is  a  compound  of  nucleinic  acid  with  a  complex  basic 
substance.  This  basic  substance  is  different  in  nucleins  from  dif- 
ferent sources,  but  the  nucleinic  acid  seems  to  be  the  same  in  all. 
The  basic  substance  yields,  on  decomposition  with  reageants,  one 
or  more  of  the  xanthin  bodies.  When  treated  with  oxidizing 
agents,  nuclein  gives  uric  acid,  and  is  l>elieved  to  be  an  antece- 
dent of  uric  acid.  The  nucleins  seem  to  be  free  from  toxic 
properties,  but  have  a  marked  microl>icidal  effect.  They  are  used 
hypodennically,  in  the  form  of  a  i  to  2  ix*r  cent,  solution. 

Nucleo-albumins. — These  couipounds  are  complex  com- 
pounds consisting  of  a  nuclein  combined  with  a  globulin.  They 
arc  found  together  with  nuclein  in  living  cells,  more  especially  of 
the  glandular  organs,  such  as  the  thymus,  spleen,  liver,  kidney,  etc. 

Nucleo-albumin  resembles  mucin  in  physical  properties,  the  solu- 
tions having  the  same  viscid  character,  both  being  precipitated 
by  dilute  acetic  acid.  The  viscid  ap|)earance  of  fresh  bile  is  due 
to  nuclco-albumin  instead  of  mucin,  as  formerly  supposed. 
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When  mideo-alhtimins  arc  submitted  to  gastric  digestion,  the 
proleid  ixjrtion  of  the  molecule  is  converted  into  peptone.  Icavin 
insoluble  iniclein.  Caseinogen  of  cows'  milk  is  now  regarded 
a  nucleo-albumin  by  many  chemists,  for  when  submitted  to  gas- 
tric or  pepsin  digestion  a  residue  of  nuclein  is  always  left  undis-| 
solved. 

Albuminoids  or  Gelatinoids  (Collagens). — Under  this  head 
wc  shall  include  several  groups  of  more  or  less  insoluble  bodies, 
resembling  the  tme  proteids  in  some  particulars,  but  attacked  by 
the  digestive  ferments  with  difficulty. 

Most  of  these  bodies  when  decomposed  by  dilute  acids  and 
heat  yield  leucin  and  tyrosin. 

Collagen  is  the  name  given  to  the  subsfance  composing  the 
white  elastic  tissue  of  the  skin,  tendons,  etc.  When  twiled  for 
some  hours  with  water  it  forms  gelatin.  Collagen  and  ossein 
seem  to  be  closely  allied  in  both  composiiion  and  properties. 
Ossein  is  the  proteid  basis  of  bones,  and  is  converted  into  gela- 
tin by  boiling  with  water.  Embryonic  tissues  when  boiled, 
yield  mucin  and  chondrin  instead  of  gelatin. 

Gelatin,  in  the  pure  state,  is  a  colorless  or  slightly  yellowish, 
transparent,  vitreous,  tasteless  mass.  It  swells  in  cold  water,  and 
readily  dissolves  in  hot  water  or  glycerin,  forming  a  thick,  viscid 
solution,  which  sets  or  gelatinizes  on  cooling.  Heating  to 
140**  C.  (284°  F.),  or  long-continued  boiling  destroys  this  |x>wer 
of  gelatinizing.  It  is  soluble  in  dilute  acetic  and  other  acids, 
but  insoluble  in  alcohol,  ether,  and  the  oils.  Solutions  of  gela- 
tin dissolve  copper  oxide  with  a  blue  color,  which,  on  boiling, 
is  reduced,  but  without  separation  of  red  oxide ;  it  therefore  in- 
terferes with  the  cop]>er  test  for  glucose.  An  impure  gelatin 
prepared  from  animal  refuse  (hones,  hides,  etc.),  when  in  the  dry 
state,  forms  ^1^^*  Liquid  glue  is  a  solution  of  glue  in  acetic 
acid.  Solutions  of  gelatin  are  precipitated  by  tannic  acid,  mer- 
curic chloride,  alcohol  and  chlorine  water,  but  not  by  acetic  acid 
and  potassium  ferrocyanide,  aliun,  or  acetate  of  lead.  Gelatin  is 
laevorolatory. 

Chondrin  exists  in  permanent  cartilages,  and  forms  gelatin 
on  boiling  with  water.  The  gelatin  from  this  source  differs 
slightly  from  that  prepared  from  collagen  or  ossein. 

Elastin.  —  This  is  the  characteristic  component  of  elastic 
tissue,  after  the  removal  of  gelatin,  mucin,  fats,  etc.  It  is  usually 
prcjiared  Irom  the  ligamentimi  nuchs  of  the  ox.  which  is  cut  into 
fine  slices,  boiled  for  three  or  four  days  in  water,  and  then  for 
some  hours  with  a  x  per  cent.  KOH  solution,  and  finally  with 
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water.  This  is  then  repeated  with  lo  [ter  cent,  acetic  acid,  and 
finally  it  is  treated  24  hours  with  cold  5  per  cent.  HCl,  washed 
with  water,  boiltd  with  95  per  cent,  alcohol  and  extracted  for 
at  least  two  weeks  with  ether,  to  remove  the  fat.  There  is  left 
a  pale  yellowish  powder,  in  which  the  fragments  of  the  original 
elastic  tissue  may  be  distinguished  under  the  microscope.  When 
moist  it  is  yellow  and  elastic,  but  on  drying  becomes  brittle.  It 
may  be  digested  with  pepsin  or  trypsin,  and  is  readily  corroded 
and  dissolved  by  papain. 

Keratin. — This  is  the  chief  constituent  of  hair,  nails,  feath- 
ers, horns,  and  epidermal  structures  in  general.  It  is  mixed, 
however,  in  these  structures,  with  small  quantities  of  proteids  and 
other  substances,  from  which  it  may  be  freed  by  thorough  extrac- 
tion with  water,  alcohol,  ether,  and  dilute  acids,  followed  by  di- 
gestion with  pepsin  and  trypsin.  The  composition  of  keratin  is 
closely  allied  to  that  of  the  true  proteids. 

Neuro-kerotin  is  ah  allied  substance  found  in  brain  tissue. 

Chitin,  *^-jjHjcNiO,(„  is  not  found  as  a  constituent  of  any  mam- 
malian tissue,  but  is  found  in  the  exoskeleton  of  many  inverte- 
brates. It  is  more  analogous  to  the  cellulose  of  jjlants  than  to 
the  proteids.  The  most  convenient  source  is  the  shells  of  crabs 
and  lobsters. 

Spongin  is  the  chief  constituent  of  the  sponge. 

Fibroin,  Cjr.Hj^NjO,,  is  the  chief  constituent  of  silk,  and  is 
covered  with  a  glue  known  as  sericin,  which  is  soluble  in  warm 
soa|>water. 

Lardacein,  or  Amyloid  Matter,  is  an  amorphous,  friable 
mass,  occurring  in  certain  regions  of  the  body  as  a  pathological 
product.  J t  seems  to  be  a  derivative  of  fibrin.  It  is  generally 
found  as  little  transp;irent  grains,  or  corpuscles,  somewhat  re- 
sembling starch  granules.  The  usual  locations  are  the  liver, 
spleen,  and  kidneys.  It  gives  many  of  the  i»roteid  reactions.  It 
is  stained  a  reddish-brown  color  with  iodine,  which  is  changed  lo 
a  violet  or  blue  tint  by  diluted  sulphuric  acid.  Anilin  violet 
stains  it  rose-red  or  violet  instead  of  blue.  Eosin  stains  it  a 
bright  red  color. 

VEGETABLE    PROTEIDS. 

The  amount  of  proteid  matter  in  jilants  is  less  than  in  animals. 
They  do  not  differ  essentially  in  composition  or  proi)ertics  from 
those  found  in  animals.  They  occur  in  solution  in  plant  juices, 
or  xs  comjxjsing  the  protoplasm  of  the  cells,  or  deijosited  in  the 
form  of  granules  (aleurone  grains). 
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Plant  proteids  have  received  less  attentiou  than  the  proteids 
animals.     Representatives  of  each  of  the  same  five  or  six  classes 
of  proteids  above  nicnlioiK-d  are  to  be  found. 

Vegetable  Albumins  are  siiaringly  found.  Most  of  the 
proteid  substance  found  dissolved  in  plant  juices,  and  precipi- 
tated by  boiling,  is  globulin  and  not  albumin. 

Plant  globulin  or  plant  vitellin  is  the  most  abundant  pro- 
teid found  in  plants.  '1  his  globulin,  like  animal  vitellin,  is  in- 
soluble in  water,  and  soluble  in  a  weak  solution  of  NaCI.  Ii 
coagulates  at  about  75''  C.  (167°  F.).  This  sultttancc,  as  it 
occurs  in  the  aleurone  grains  of  many  plants,  is  distinctly  crystal- 
line.     It  is  thus  the  purest  native  proteid  known. 

Plant  Myosin  and  Paraglobulin  have  also  been  found. 

Of  ihc  vegetable  albuminates  the  two  best  known  arc 
legumin,  or  vegetable  casein,  and  conglutin  of  almonds  azKl 
lupines. 

Legumin  occurs  in  the  leguminous  plants  as  an  alkali-albu- 
minate.  It  may  be  obtained  from  softened  peas  or  beans.  It 
resembles  casein  in  its  proijertics.  Some  recent  investigators 
claim  that  it  does  not  occur  as  an  alkali-albuminate  in  the  plant, 
but  as  a  globulin,  which  is  changed  into  an  albuminate  by  the 
method  of  extraction.  Like  all  the  globulins,  it  is  easily  soluble 
in  alkalies  and  acids. 

Proteoses  or  Albumoses. — Many  plants  contain  proteids 
of  this  class.  Martin  has  described  four  proteoses  found  in 
papaw  juice,  and  two  in  wheat  flour.  In  the  jiapaw  they  are  asso- 
ciated with  the  ferment  papain,  and  are  probably  produced  by 
the  action  of  this  ferment  upon  the  globuUns  of  the  plant.  Pa- 
pain acts  upon  animal  proteids  in  alkaline  or  weak  acid  solutions 
to  convert  them  into  proteoses  and  fmuliy  into  peptones.  It  does 
not  form  peptone  with  vegetable  proteids.  Leucin  and  tyrosin 
are  formed,  however,  in  small  amounts. 

Peptones,  for  the  above  reason,  rarely  occur  in  plants. 

Coagulated  Proteids  of  vegetable  origin  are  produced  by 
heating  the  plant,  when  the  albumins  and  globulins  are  coagu- 
lated. The  fibrin-like  body  formed  from  wheat  flour  by  treat- 
ment with  water,  and  from  which  the  starch  may  be  washed  with 
cold  water,  is  a  compound  or  mixture  of  two  proteids  found  in 
the  flour.  The  proteids  in  wheat  compose  about  ten  per  cent,  of 
the  weight  of  the  grain.  Tlie  most  recent  investigations  show- 
that  there  are  four  different  proteids  present.  An  albumin  existing 
in  from  0.3  to  0.4  per  cent,  of  the  \veight  of  the  grain,  a  globu- 
lin in  from  0.6  to  0.7  per  cent.,  a  proteose  in  about  0.3  per  cent., 
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gliadin  existing  in  4.25  per  cent.,  and  glutenin  (gluten  casein)  in 
4.5  per  cent,  of  the  gram.  Gluten  fibrin  or  gluten  is  princi- 
pally made  up  of  a  mixture  of  the  last  two  of  these  bodies, 
(ihadin  is  soluble  in  pure  water,  but  in  the  presence  of  the  salts 
of  the  flour,  it  forms  a  sticky,  tenacious  mass  which  adheres  to 
the  glutenin.  which  is  insoluble,  forming  a  tough,  glutinous  mass, 
inclosing  starch  to  form  a  dough.  Hy  washing  or  kneading  this 
dough  with  cold  water,  the  starch  may  he  washed  out  together 
with  the  other  proteids,  and  gluten  is  left.  Some  investigators 
have  claimed  the  presence  of  a  ferment,  while  no  one  has  ever 
isolated  it,  and  some  deny  its  presence  or  the  necessity  for  it,  in 
the  formation  of  gluten.  Gluten  is  soluble  in  weak  alkalies  and 
acids,  and  it  forms  peptones  in  gastric  and  pancreatic  diges- 
tion. 

Zcin  is  a  fibrin  like  proteid  found  in  maize  with  several  other 
proteids.     It  is  soluble  in  ordinary  alcohol. 

Leucosin  is  an  albumin  found  in  rye,  wheat,  l>arley,  etc. 

Edestin  is  the  name  that  has  been  given  to  a  globulin  found 
in  wheat,  rye.  barley,  and  other  cereals. 

Most  of  the  cereal  grains  also  contain  a  proteose,  probably 
formed  by  ferment  action,  from  the  other  proteids. 

THE  PRINCIPAL  ANIMAL  PIGMENTS. 
BLOOD  PIGMENTS. 

The  hsemoglobins,  or  blood  pigments,  form  the  chief  con" 
stituent  of  red  blood  corpuscles  in  vertebrates,  and  occur  in  the 
muscle  of  mammals,  and  in  the  blood  of  a  few  of  the  inverte- 
brates. They  all  crystallize,  but  not  with  etjual  facility.  All 
hiemoglobins  are  of  a  blood-red  or  brick-red  color  when  in 
(>owdcr.  They  contain  from  .4  to  .6  per  cent,  of  iron,  and 
differ  slightly  in  composition.     They  are  compound  proteids. 

The  crystalline  forms  of  hxmoglobins  vary  in  different  ani- 
mals. The  crystalline  blood  pigments  are  oxyhemoglobins 
H.-emogobin  forms  a  feeble  comix)und  with  oxygen  which  is 
released  by  heating  its  solutions  in  a  vacuum,  or  in  presence  of 
ferrous  sulpliate,  ammonium  sulphide,  stannous  chloride,  etc. 
Reduced  hnzmoglobin  and  oxyhemoglobin  are  distinguished  by 
their  absorption  spectra,  the  latter  showing  two  such  batids  sepa- 
rated by  a  green  band,  while  the  former  shows  but  one  broad 
band  occupying  nearly  the  position  occupied  by  the  greenish- 
yellow  band  between  the  dark  ones  above  mentioned.  (Sec 
Figs.  10  and  zi,  Frontispiece.)    Haemoglobin  unites  with  nitric 


oxide,  carbon  monoxide,  hydrochloric  acid,  hydrocyanic  acid, 
carl)on  dioxide,  etc.  Some  of  these  compounds  give  peculiar 
s|>cctra  ;  these  gases  are  not  easily  expelled  by  oxygen,  and  hence 
arc  deadly  poisons  when  inhaled. 

Haematin,  C^H^jN^FeO.,  is  obtained  in  the  form  of  a  salt, 
by  the  decomposition  of  oxyhsemoglobin  with  an  acid.  It  is  an 
amorphous,  blue-black  mass,  with  a  metallic  lustre,  insoluble  in 
water  or  alcohol,  but  soluble  in  alkalies.  It  yields  two  different 
spectra;  one  with  oxygen,  and  another  with  carbon  dioxide. 

Maematin  Hydrochlorate,  or  hacmin  crystals,  may  be 
obtained  by  healing  haemoglobin,  or  dried  blood,  with  common 
salt  and  glacial  acetic  acid.  It  forms  thin,  rhombic  plates,  having 
a  brown-red  color.  The  formation  of  these  blood  crystals  is 
used  to  detect  blood  stains  in  criminal  cases.  The  drop  of  dried 
blood  is  placed  upon  a  microscopic  slide,  together  with  some 
pulverized  common  salt,  and  then  treated  with  glacial  acetic 
acid,  and  a  cover  glass  placed  uiwn  it.  The  slide  is  heated  until 
bubbles  appear  in  the  acid,  cooled,  and  examined  with  a  J^  inch 
objective.  The  presence  of  blood  is  indicated  by  the  presence 
of  the  crystals. 

The  amount  of  haemoglobin  in  the  blood  is  most  easily  deter- 
mined, for  clinical  purposes,  by  the  hsemoglobinometer.  The 
process  depends  upon  the  imitaLion  of  the  color  of  a  standard 
solution  of  haimo^lobin,  or  colored  glass  plate,  by  dilution  of  a 
measured  volume  of  blood  until  its  color  is  that  of  the  standard. 
The  simplest  and  best  for  clinical  purposes  is  that  known  as 
Gower's,  represented  by  Fig.  62,  It  consists  of  two  glass  tubes 
of  the  same  diameter.  One  (D)  contains  a  standard  of  the  tint  of 
normal  blood  when  20  cubic  mm.  are  diluted  to  2  c.c.  (1  in  loo).  It 
is  filled  with  a  glycerine  jelly,  colored  with  cannine  and  picro- 
carmine  so  as  to  get  the  right  tint.  The  second  tube  (C)  is  so 
graduated  that  100  divisions  represent  2  c.c.  The  instrumcDt  is 
used  as  follows: 

The  finger  is  pricked,  and  the  drop  of  blood  that  issues  is 
drawn  into  the  pipette  shown  in  the  tigure,  until  it  reaches  the 
20  mm.  mark.  It  is  then  qiiirkly  blown  out  into  the  tube  (C), 
into  which  a  few  drops  of  distilled  water  have  previously  been 
placed,  and  t[uickly  shaken  to  prevent  coagulation.  Distilled 
water  is  then  added  until  the  tint  of  this  mixture  is  exactly  tliat 
of  the  standard  in  {V)  when  viewed  by  transmitted  light. 

Since  average  normal  blood  gives  the  tint  of  the  standard  when 
diluted  to  the  100  mark,  the  degree  of  dilution  used  to  give  lliai  tint, 
in  any  given  sample  of  blood,  gives  the  per  cent,  of  the  normal 


THE    PRINCIPAL    ANIMAL    PTCMENTS. 


S17 


amount  of  haemoglobin  in  that  blood.  Thus,  if  the  tint  of  the 
slAndard  is  reached  when  the  sample  is  diluted  to  the  70  mark, 
the  blood  under  examination  contains  70  per  cent,  of  the  normal 
amount  of  haemoglobin.  To  determine  the  quantity  of  hiemo- 
glol'in,  it  is  only  necessary  to  make  the  standard  color  by  dis- 
solving; a  known  weight  of  haemoglobin  crystals  in  water,  and 
comjiaring  with  the  diluted  blood  as  above.  When  the  color  in 
both  tubes  is  alike,  they  contain  the  same  amount  of  haemoglobin. 

Fig.  6a. 


GOWXN't  1lj>Mfl(iL.<JMNaMIITKH.      A.    Pn-BTTI  B41TTLM  tOU    Ut^ril.LHlt  W'avkm  .    II.   CAML* 

LAKv    PirRTm:   C  GttAtn>Arci>  Tubb;   D,  Tubb   with   Stanuakd   DiuntoN;    V 
LANcrr  Ftm  Phickino  thh  Fingbh 


An  exact  quantitative  estimation  is  seldom  necessary  for  clinical 

piiri>oses. 

Methsemoglobin  1.1  a  <ilightly  cliangcrl  derivative  from  oxyhittnoglobin, 
produced  by  the  Action  of  many  reap;enis,  as  acid&,  alkalies,  many  salts,  etc., 
or  by  simply  cxptuin)^  a  solution  of  MlmhI  to  ihe  air  for  lome  lime.  It  u 
cliaractcrueii  by  an  absoq^tion  bond  not  found  in  (rckh  bltiotl,  and  situated 
between  C.  and  I>.     (See  Kroniispiece  No.  14.) 

Hacmocyanin  is  a  gtubulin-likc  body  found  in  solution  in  the  blood  of  tome 
invrrletrral<*s.  I1  rotitaios  copper  as  one  of  its  constituent  elemeiils,  ittsleud  of 
ilie  iron  tif  h-t-Mnoclotiifi,  It  turns  blue  on  extXKUire  to  (be  nir.  And  such  blood 
is  blue  when  o\)«liicd,  aiitl  colortc!i»  when  reduced. 

Hjctnochroniogen  i^  a  |>ig[iv«:nt  prepared  from  l>:L'mogUkbin  by  acids  or 
alkalies,  in  enure  ab>cncc  of  oxygen.  The  li.L-moglobin  ir>  splil  into  two  com- 
prmndk  by  the  lea^ents,  llic  one  being  a  nruteid,  and  the  other  the  above  coloring 
nutter.     Il  is  very  similar,  though  not  identical,  with  bit-matin. 
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MEDICAL    CHEMISTRY. 

Hystohie matin  is  the  name  thai  has  be«n  ^ven  to  a  class  of  pij^ 

widely  •listrilnilH  in  various  tissues  of  both  vertebrates  and  inrctlebr.ites. 
These  pigments  are  regarded  as  ilic  resjiiratory  elcmenU  of  tlie  (utiles,  ami 
pUy  the  saine  r5'e  there  that  luKmioglobm  does  w  tht  Itlood.  The  best  known 
of  these  pigments  is  myotuematin.  It  occurs  in  muscles  &nd  probably  orhi 
tissues,  and  is  t!ic  medium  of  uxidation  in  the>e  liuuca. 

HBenQatoporphyrin,  Iron-free  Haematin.  <-'mH-jNjO,j  (?),  is  a  pigmrnl 
derived  from  hivmoglobin,  by  dissolvmg  it  in  strong    MjSOj,  or  by  healing  it 
with  llCl.     By  diluting  this  saluliun  with  water,  the  coloring  niMter  is  throwi 
dowD,  especially  on  neutralising  the  ncid.      This  pigmrnl  occo^ttmalty  ap 
in  the  urine,  as  urohccmatoporphyrin  or  urohKmatin. 

Hsmatoidin,  Cj^lIi^NjOj,  occurs  as  re<ldish,  rhombohedml  crystals  in  old 
blood  clot>r  in  cor^w>ra  litlea  and  in  the  urine  in  cases  of  h.T-matuiia.  It  is 
believed  to  be  identical  with  bilirubin,  and  shows  the  origin  uf  bilirubin  to  be 
probably  in  the  decomposed  or  disintegrated  blood  pigment,  separated  by  tl»e 
liver. 

BILIARY   COLORING    MATTERS. 

There  are  two  pigments  oldainahle  from  bile  and  Iiiiiarv  cal- 
culi»  viz. :  bilirubin  and  biliverdin.  Bilifuscin,  bilipra- 
sin,  bilicyanin^  choletelin,  bilihumin,  and  hydrobilirubin 
have  also  been  tlcscrilK.*<K  Ihc  principal  one  of  these^  and 
prohahly  the  only  one  contained  in  bile  when  first  secreted,  is 
bilirubin,  from  which  the  others  are  derivatives. 

Bilirubin,  Cj^Hi^N^O,.  is  met  with  in  the  free  state  in  the 
bile  of  man  and  the  carnivora,  and  in  ox  bile  ;  also,  together  with 
bihfiiscin,  Cj^Hj^NjO^.  and  biliprasin,  C^H^^NjO^,  in  combina- 
tion with  calcium,  in  biliary  calculi. 

It  is  now  known  to  l)e  identical  with  the  red  crystalh'ne  matter 
of  old  lieiiiorrhagic  clots,  called  hematoidin,  and  with  bili- 
phacin.  bilifulvin,  and  cholepyrrhin. 

]t  may  be  prepared  by  treating  the  powdered  biliary  calculus 
first  with  ether,  thrn  with  boilinj;  water  slightly  acidified  with 
hydrochloric  acid.  'I'he  residue  is  washed  with  pure  water,  dis- 
solved in  hot  chloroform,  and  fdtered.  The  chlorofonn  is  dis- 
tilled ofi"  from  the  filtrate,  and  the  residue  treated  with  absolute 
alcohol  and  ether,  by  which  the  bdifuscin  is  removed  and  bili- 
rubin left.  By  dissolving  this  residue  in  chloroform  and  setting 
aside,  a  part  of  it  may  be  obtained  as  ;»  dark-red  crystalline  ])OW- 
der.     It  also  exists  in  an  oraiige-red,  am  jrphotis  powder. 

It  acts  the  part  of  a  weak  acid,  combining  with  soditun,  cal- 
cium, buriiim,  lead,  etc.  The  formula  of  the  calcium  salt  is 
(C,.H„N,0,)/a. 

Bilirubin  is  closely  related  to  ha:matin,  a  derivative  of  haemo- 
globin.    Moderately  strong  nitric  acid,  added  to  an  ammoniacal 
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solution  of  bilirubin,  firet  colors  it  green,  then  blue  (bilicyanin), 
violet-red,  and  finally  yellow.  (Gmelin's  test  for  bile.)  Nearly 
the  saint*  series  of  colors  are  produced  by  adding  bromine  to  the 
chUvroforra  solution,  wiih  the  exception  that  it  finally  becomes 
colorless.  Nascent  hydrogen  converts  it  into  hydrobilirubin, 
C„H„N^Oy  (urobilin  of  urine,  stercobilin  of  ficccs).  Hydro- 
bilirubin  is  a  d:*rk-brown  amorphous  powder,  soluble  in  alkalies, 
sulphuric  and  acetic  acids,  alcohol,  ether,  and  chloroform.  It 
dot-s  not  give  the  play  of  colors  with  nitric  acid,  U  is  probably 
formed  in  the  f;eces  by  the  action  of  the  nascent  hydrogen  set 
free  by  the  butyric  and  putrefactive  fermentations,  upon  bili- 
rubin. 

Biliverdin,  Cj^H„N,Oj  (or  C„H,^N,0^),  is  an  oxidation  pro- 
durt  of  hillruliin,  and  is  readily  formed  by  ex|>osing  alkaline 
solutions  of  this  pigment  to  the  air,  or  by  similar  treatment  ol 
fresh  bile.  It  forms  a  green,  amorphous  powder,  insoluble  in 
water,  ether,  and  chloroform.  It  is  soluble  in  alcohol,  acetic  acid, 
and  alkaline  solutions,  and  reacts  with  nitric  acid  as  does  bili- 
rubin. Hydrobilirubin  may  be  prci>ared  from  it.  Biliprasin, 
C„H„N,Oj,  is  found  in  human  gall-stones,  and  bilifuscin, 
C^H^NjO^,  occurs  in  small  quantities  In  old  bile,  and  in  gall- 
stones. According  to  Stadeler,  biliverdin  is  bilirubin  -j-  O  and 
H,0.  Biliprasin  is  biliverdin  -)-  H,0.  Bilifu.scin  is  bilirubin 
-f  HjO.  Viewed  in  this  light,  these  various  pigments  would 
appear  lo  be  formed  in  the  following  order:  Hemoglobin, 
h;emiiiin  or  hicmatoidin,  bilirubin,  hydrobilirubin  (urobilin), 
bilifuscin,  bilivtrdin,  and  biliprasin. 

Fuscin  (retinal  melanin)  is  found  iti  the  retinal  epithelium. 
Lipochrin  and  chromophanes  are  found  in  the  fat  globules 
of  the  retinal  epithelium.  Visual-purple  is  also  found  in  the 
retina  of  all  vertebrates. 

Pyocyanin  give*  the  green  or  blue  color  to  pus. 

Urinary  Pigments. — Besides  urobilin,  the  urine  contains 
at  least  one  and  [wssibly  more,  coloring  matters.  Uroxanthin  or 
indigogen,  is  a  normal  constituent  of  urine,  but  is  much  increased 
in  the  first  stage  of  cholera,  and  in  carcinoma  of  the  liver. 
Aci  urding  to  some  authors,  this  coloring  matter  is  identical  with 
indican. 

Uroxanthin  may  be  detected  in  urine  by  adding  to  the  urine 
its  own  volume  of  hydrochloric  acid,  and  a  few  drojwof  a  solution 
of  chloride  of  lime.  The  solution  is  colored  red,  violet,  green,  or 
blue,  according  to  the  amount  of  uroxanthin  present.  In  some 
cases  this  test  succeeds  with  hydrochloric  acid  alone. 
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In  some  cxses.  the  urine  containing  uroxanthin  on  standing  for 

some  days  becomes  blue  rr<jm  spontaneous  i>ulrclaction. 

Urobilin  may  be  delected  in  fever  urines  by  making  them 
alkaline  with  ammonia,  filtering  and  adding  a  few  drops  of  zinc 
chloride  solution,  when  it  will  show  a  green  fluorescence.  This 
urobilin  reaction  may  be  obtained  more  distinctly  by  shaking 
the  urine  with  ether,  separating  the  ethereal  solution,  and,  after 
evaporating  the  ether,  dissolving  the  pigment  in  absohite  alcohol. 
This  solution  will  usually  show  the  green  fluorescence.  Uro- 
chrome  (Thudichum),  uromelanin  (Thudichum),  urocry- 
thrin,  and  other  pigments,  have  been  described,  but  the  whole 
subject  is  enveloped  in  much  uncertainty  and  confusion. 

Black  urine  is  occasionally  seen  after  breathing  arseniureitcd 
hydrogen,  in  carbolic  acid  poisoning,  and  after  inunctions  of 
tar. 

Melanin  (Melanogen)  is  the  black  pigment  of  the  choroid, 
melanotic  tumors,  and  skin  of  the  negro. 

Pathologically,  it  is  found  in  the  urine  of  persons  suffering  with 
melanotic  cancer,  and  sometimes  with  malaria.  It  is  sometimes 
deposited  in  the  lungs.  Urine  contiining  melanin  turns  dark  on 
exposure  to  the  air,  or,  more  rapidly,  with  oxidizing  agents,  as 
nitric  or  chromic  acids.  Its  detection  is  useful  to  the  physician, 
as  an  aid  to  the  diagnosis  of  melanotic  cancer  of  the  liver,  etc. 
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COLORING    MAT- 


Indigo  is  a  blue  coloring  matter  derived  from  several  species 
of  Indigofera^  and  other  plants  growing  in  India.  Africa,  and 
South  America.  It  exists  as  a  glucoside,  called  indican,  which 
is  extracted  with  water;  the  liijiiid,  allowed  to  ferment  in  the  air, 
deposits  the  indigo  as  a  blue  [xiwder.  Commercial  indigo  is  a 
mixture  of  several  bodies  containing  al>out  50  per  cent,  of  indigo- 
blue  or  indigotin,  C„H„N,0^.  (Seep.  468.)  In  dyeing  with 
indigo,  the  goods  are  steeped  m  indigo-white,  and  then  exjKJsed 
to  the  air,  when  indigo-blue  is  dejx)sited  in  the  cloth.  Indigotin 
has  been  prepared  synthetically  from  toluene,  C,H,,  a  homologiic 
of  benzene. 

Litmus  is  a  purplish-blue  coloring  matter  obtained  from  lich- 
ens ;  generally  from  Lecanora  iartarea^  by  steeping  in  urine,  and 
adding  lime  and  potassium  carbonate.  The  mixture  is  exposed 
to  the  air  for  a  few  weeks,  with  frequent  stirring,  when  a  thick, 
blue  solution  is  obtained.    The  solution  is  thickened  up  with 
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plaster-of- Pan's  or  chalk,  formed  into  cakes,  and  cut  into  little 
cubes.  The  coloring  matter  of  litmus  is  a  weak  acid  forming 
salts  having  a  blue  color,  the  commercial  product  being  the 
IJOtassium  salt.  With  acids,  it  becomes  red  from  the  liberation 
of  the  acid.  Turmeric  is  the  root  of  Cucurma  hngii;  it  yields 
a  yellow  tincture  which  turns  brown  with  alkalies.  The  coloring 
principle  is  named  ciircumin,  C,^H„0,.  It  is  used  to  a  large  extent 
tc»  give  a  yellow  color  to  various  articles  of  food,  as  mustard, 
chow-chow,  vermicelli,  etc. 

Saffron  is  the  stigmas  of  the  flower  of  Crocus  sattva.  It  yields 
to  dilute  alcohol  a  yellow  coloring  matter  called  polychroit, 
C^H^O,,.  or  a  glucoside  of  crocin,  C,,H,50j. 

Tinctura  croci  is  official.     (U,  S.  P.). 

Saffron  is  used  to  color  certain  articles  of  food,  as  butler,  cheese, 
macaroni,  etc. 

Annatto  is  a  yellow  color  obtained  from  the  seeds  of  Bixa 
oreliami.     It  is  used  in  coloring  butter,  milk,  cheese,  etc. 

Logwood,  the  wood  of  Hematoxylon,  contains  a  purple 
dye,  hematoxylin,  C„HnOj.3HjO,  used  for  purple  and  black 
dyes.  It  is  official,  and  is  used  as  a  tonic  and  astringent.  Brazil 
^vood  furnishes  red  dyes  and  lakes.  Cochineal,  the  female  of 
the  insect  Coccus  cacti,  yields  to  boiling  water  and  alcohol  a 
l>eautiful  red  coloring  matter,  which  precipitated  with  alum  and 
an  alkaline  carbonate  yields  carmine. 

Chlorophyll  is  the  name  given  to  the  green  coloring  matters 
of  the  leaves  of  plants.  It  occurs  as  microscopic  granules  dis- 
tributed through  the  cell  protoplasm  in  all  the  green  portions  of 
the  plant.     It  may  be  extracted  with  alcohol,  ether,  and  benzene. 

Very  little  is  known  of  this  body,  but  it  seems  to  he  comiwsed 
of  two  coloring  matters,  a  bUie  and  a  green.  It  contains  iron^ 
and  possL-sscs  the  power,  under  the  influence  of  sunlight,  of  decom- 
posing COjand  uniting  the  carbon  to  the  elements  of  water.  The 
yellow  color  of  autumn  leaves  is  due  to  xanthophyll,  an  oxida- 
tion product  of  chlorophyll. 
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Of  the  emergencies  which  arise  in  cvery-day  life,  or  even  in 
the  practice  of  the  young  physician,  none  are  more  embarrassing 
than  acute  poisoning.  The  word  |HDison,  to  many  people,  carries 
with  it  an  idea  of  horror  and  panic.  The  pharmacist  is  often 
consulted  in  haste,  or  may  be  called  upon  to  render  temix>rary 
aid  until  the  services  of  a  physician  can  be  secured.     He  may  in 
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such  cases  render  great  service  by  administering  the  proper  anti- 
dote, and  thus  saving  valuable  lime.  Even  the  phv'bician  is  liable 
to  something  akin  to  alarm  when  he  comes  into  the  presence  of  a 
victim  of  a  violent  poison,  It  is  for  these  reasons  that  we  intro- 
duce a  few  of  the  most  common  |>oisons  with  their  antidotes. 
We  do  not  intend  to  give  a  gtiidc  to  the  treatment  of  cases  of 
poisoning,  but  merely  a  few  simple  rules  lo  be  remembered  as 
first  aids  to  those  suffering  with  acute  {toisoning. 

The  first  thing  to  be  considered  is  the  symptoms  of  poison- 
ing. Not  unfreqiiently  persoas  claim  to  have  taken  i»oison  when 
such  is  not  the  case.  Or,  suspicious  friends  fear  that  poison  has 
been  taken.  The  author  has  often  met  with  cases  of  this  kind 
where  a  knowledge  of  the  symptoms  of  ix>isoning  has  saved  the 
patient  a  very  disagreeable  experience  and  the  physician  a  great 
deal  of  trouble  and  future  chagrin.  The  physician  should  be 
familiar  with  the  nature  and  action  of  poisons,  the  symptoms 
which  they  produce,  the  circunistances  which  retard  or  otherwise 
modify  their  action,  their  chemical  and  physiological  antidotes, 
the  pathological  ciianges  they  induce,  and  tlie  metliods  of  com- 
bating these  results.  It  is  our  purpose  here  to  name  a  few  of  the 
symjitoms  of  jKiisoning,  and  then  to  otTer  a  few  hints  as  lo  anti- 
dotal treaiinent. 

The  chief  characteristics  of  poisoning  are,  more  or 
less  severe  symptoms  coming  on  suddenly,  or  ^vithin 
a  few  hours  after  taking  some  substance  or  fluid  into 
the  stomach,  the  individual  being  previously  in  a  state 
of  health  'I'hcse  syni]>toms  usually  increase  steadily  and  uni- 
formly, and  tend  to  prove  rapidly  fatal.  The  symptoms  may  be 
greatly  varied  as  to  time  and  severity  by  the  quantity  or  form  in 
which  the  ]X)ison  is  administered,  the  state  of  the  stomach — 
whether  full  or  empty — the  condition  of  the  i»erson — whether 
asleep  or  awake— and  a  certain  idiosyncrasy  of  the  individual. 
The  symptoms  which  should  arouse  suspicion  of  acute  poisoning 
are  the  sudden  onset  of  |>ain  in  the  region  of  the  stomach  of  a 
healthy  person,  esjiecially  of  a  *' burning  pain,"  accom|)anted  by 
dryness  of,  or  a  metallic  taste  in,  the  throat,  more  or  less  vomit- 
ing, great  prostration  of  the  vital  ]>owers,  a  deathly  or  cadaveric 
aspect,  or  an  expression  of  great  fear  or  concern,  the  rapid  inter- 
vention of  coma,  and  sj^eedy  death.  If  all,  or  the  greater  num- 
l>cr  of  the  above  symptoms  arc  present  in  any  case,  there  is  reason 
for  suspicion,  and  the  physician  should  govern  himself  accord- 
ingly. (See  remarks  under  Arsenic,  |»age  185.)  Poisons  may,  for 
convenience,  be  divided  into  the  following  five  classes,  based 
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upon  their  effects  Upon  the  human  subject :  ist,  Corrosives;  2d, 
Irritants;  3d,  Neurotics;  4th,  Septic  Poisons;  5th,  Gaseous 
Poisons. 

Corrosive  Poisons. — To  this  class  belong  those  poisons 
which  exert,  principally,  a  local  action  upon  the  tissues  with  whicli 
they  come  in  contact.  The  most  im|>oriant  of  this  class  are  cor- 
rosive sublimate  (HgCl^),  the  concentrated  mineral  acids  (sul- 
phuric, hydrochloric,  nitric),  and  oxalic  acid ;  the  alkalies  and 
their  carbonates  (potassium,  sodium,  and  ammonium  hydroxides 
and  carbonates);  corrosive  salts,  as  bisulphaies  of  the  alkaline 
metab,  alum,  nitrate  of  silver,  chloride  of  zinc,  butter  of  anti- 
mony (SbClj).  Carbolic  acid  is  a  violent  corrosive  when  con- 
centrated, and  also  has  a  remote  effect  upon  the  system  after 
being  absorbed.  The  symptoms  of  corrosive  poisoning  follow 
immediately  after  taking  the  poison,  and  are  a  sense  of  acid, 
alkaline,  or  metallic,  burning  pain  in  the  mouth,  throat,  gullet, 
and  stoiiiucb,  usually  inducing  vomiting,  which,  however,  does 
not  relieve  the  distress.  The  [>ain  soon  extends  over  the  entire 
abdomen,  and  is  accomitanied  with  symptoms  of  shock,  or  col- 
lapse.    There  may  be  staining  of  the  fauces  or  mouth. 

Irritant  Poisons. — Irritant  poisons  give  rise  to  pain  in  the 
stomach  of  a  burning  character,  usually  coming  on  some  minutes 
or  hours  after  taking  the  puison.  In  ihis  respect,  they  differ  in 
their  action  from  the  corrosives.  The  pain  is  accomijanied,  or 
followed,  by  vomiting,  faiiitness,  purging,  and  tenesmus;  the 
evacuations  being  often  tinged  with  blood.  The  pulse  is  weak  or 
irregidar,  and  there  is  frcqtienlly  severe  headache.  Death  is  usu- 
ally caused  by  collapse,  convulsions,  or  by  inducing  severe  in- 
flanmiations,  which  wear  the  patient  out,  after  a  variable  period 
of  time.  Some  have,  also,  a  S]>ecific  physiological  action,  besides 
their  irritant  action.  The  following  arc  the  more  common  irri- 
tants: Dilute  mineral  acids,  concentrated  organic  acids,  lime, 
zinc,  copper,  barium,  silver,  and  mercuric  salts;  all  compounds 
of  arsenic  and  antimony;  phosphorus,  iodine,  bromine,  etc. 
Many  kinds  of  food  may,  imder  certain  conditions,  become 
irritant  [>oisons.  Meat.  fish.  lobsters,  tomatoes,  etc.,  especially 
after  having  l>een  rjinncd  and  then  exposed  to  the  air,  (Sec 
Ptomaines.*) 

Neurotic  Poisons.— The  neurotics  exercise  their  action 
through  the  nervous  system,  and,  therefore,  only  after  al»orption 
into  the  circulation.  They  rarely  exert  any  local  action.  The 
neurotics  are  sometimes  subdivided  as  follows: — 
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ExAtnplcft. 

Narcotics,  or  thnse  producing  sleep, Opium. 

Anaesthetics,  or  iho»e  producing  inscnsidility, ChJorofi:inn. 

Inebtiants,  or  (hose  producing  intoxicalion, Alcohol. 

Deliriants,  or  tho^e  producing  delirium, Hyotcymmus. 

Convulsives,  or  thu&c  producing  ^pasmit, Strychnine. 

Hyposlhenisants,  or  (ho>c  producing  death  by  syncope,    .    .    .  Prussic  acid.  | 
Depressants,  or  those  producing  marked  dcptcsfiiou, Nicotine. 

Septic  Poisons. — To  this  class  belong  certain  poisons  intro- 
duced into  the  body  through  abrasions  of  the  skin,  open  wounds 
or  by  the  fangs  or  sting  of  venomous  animals  or  insects.  In 
many  respects  these  j>oisons  resemble,  in  their  action,  the  depres- 
sing narcotics. 

Poisonous  Gases. — To  this  class  belong  carbon  monoxide 
(charcoal  fumes),  carbon  dioxide  (choke  damp),  marsh  gas  (fire 
damp),  ilkiminating  gas,  hydrocarbon  vapors,  sewer  gas.  confined 
air  of  living  apartments,  and  nox.ious  gases  and  vapors  from. 
manufacturing  establishments. 


TREATMENT  OF  ACUTE  POISONING. 


In  every  case  of  acute  poLsoningt  or  where  the  symptoms  and 
circumstances  indic^ite  that  a  poison  has  been  taken,  the  follow- 
ing is  the  course  to  pursue: — 

z.  Get  the  [)oison  out  of  the  system  as  soon  as  you  can,  unless 
it  be  a  caustic. 

3.  Neutralize  what  you  cannot  remove. 
3-  Favor  the  natural  elimination  of  the  [loison. 

4,  Combat  any  dangerous  symptoms  as  they  arise. 
The  first  of  these  steps  may  be  secured  in  one  of  three  waysf 

viz.:  by  the  use  of  emetics  or  the  stomach  pump  or  the 
stomach  tube.  If  a  stomach  puuip  is  nut  at  hand,  or  in  case 
corrosives  have  been  swallowed  and  there  is  danger  of  doing 
damage  in  inserting  it,  the  stomach  tube  may  be  introduced 
through  the  mouth  or  even  through  the  nose.  By  attaching  a 
funnel  to  the  upper  end  of  this,  tepid  water  may  be  nm  into  the 
stomach.  On  now  turning  the  iJcrson  upon  his  face  or  lowering 
the  end  of  the  tube,  it  acts  as  a  siphon  to  run  the  water  out. 
Repeat  this  process  several  times  as  in  the  process  of  lavage  or 
until  you  are  sure  all  poison  is  removed  from  the  stomach.  In 
the  absence  of  a  funnel,  make  as  a  substitute  a  cup-shaped  cavit 
about  the  upper  end  of  the  lube  with  wax,  putty,  or  even  wet 
clay.  The  proper  antidote  or  an  emetic  may  be  dissolved  in  the 
water  used. 
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THE   PRINCIPAL   EMETICS. 

Zinc  Sulphate.— Give  20  grains  at  once,  or  dissolve  5ss  in 
two  oimtes  ol  water,  and  give  a  tablcspoonlnl  every  15  minutes. 

Copper  Sulphate.— Give  5  grains  every  15  minutes,  or,  still 
better,  10  grains  at  once,  followed  by  tepid  water. 

Alum. — A  tablesiKJonfnl,  given  in  syrup  or  honey. 

Mustard  (;,^roiind). — A  dessertspoonful,  stirred  in  tepid  water 
and  quickly  swallowed.  Very  efficient,  and  is  somewhat  stimu- 
lating. 

Apomorphine. — Give  ^  grain  hypodermically. 

Spr.  Ipecacuanhae. — Used  mostly  for  children.  Isdepres- 
ing.  f3j  every  15  mimues  to  a  child  two  years  old,  until  emesis 
is  jiroduccd. 

Tepid  Water. — Drink  copiouslyand  until  emesis  occurs.  It 
may  be  assisted  by  tickling  the  throat  with  a  feather  or  the  ex- 
tended finger. 

Common  Salt. — A  tablespoonful  in  a  pint  of  lukewarm  water 
is  often  effectual. 


SPECIAL  POISONS  AND  THEIR  ANTIDOTES. 

THE  CORROSIVE  POISONS. 

Strong  Mineral  Acids. — Sulphuric,  hydrochloric,  nitric. 
Synipttmu.  —Staining  of  mouth  or  throat ;  immediate  pain  ;  vomit- 
ing \  great  prostration. 

Anfi<foUs.  —  C\id\\ij  lime  water,  whitewash,  magnesia,  plaster 
from  the  wall,  baking-soda.  soap.  Then  give  oil  freely,  and  mu- 
cilaginous drinks.  Do  not  give  emetics  or  use  stomach- 
pump.  All  antidotes  must  be  well  diluted  before  they 
are  given. 

Corrosive  Vegetable  Acids.  — Oxalic,  tartaric,  acetic. 
Sympiomi. — liurning  pain,  constriction  in  throat,  and  usually 
vomiting,     Kxtremities  cold  ;  countenance  livid. 

Antidotes. — Same  as  for  mineral  acids  except  in  the  case  of 
oxalic  acid.  When  this  acid  is  susi)ected  to  have  l^ccn  taken,  use 
lime  water  or  chalk  only.  Then  give  mucilaginous  drinks^  and 
stimulants. 

Carbolic  Acid  (Phenol)  and  Creosote. — Symptoms. — Pain 
in  stomach  and  whitened  stains;  odor;  contracted  pupils ;  coma; 
death  by  colla|)se. 

Treatment, — Oils,  then  emetics  or  .stomach-tube,  unless  the 
quantity  taken  was  large  and  in  the  pure  state.     Sodium  sulphate, 
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A  nunare  of  otive  and  cas- 
tor oik  with  mM^ttesM.  is  maptesian.  Albinmn  of  eggs  given 
freely.     Trcit  tbe  coltapg  by  xDJecting  stinmUnts. 

Caustic  aad  Cartwnatcd  Alkalies. — STM^ttmu. — Acrid, 
boraiog  Usste  is  iDOcilh,  iliraat,  ccsophagns  u»d  stomach  ;  hoane- 
nc95 ;  d^rspDOB ;  wnitfug  of  blood  and  nmciis ;  surface  clanuny ; 
pulse  r^sid ;  pmn  anx  abdomen,  aad  diarThocA. 

Treatmcnl. — Hrll-dihited  vegetable  acids,  such  as  vinegar, 
lemon  juice,  tattahc  or  citric  aods  ;  fiixcd  oiks  such  as  castor, 
Unseed,  olive,  or  cod-liver  oiL  MociUgiDoas  drinks  may  be  given 
£reely.     Do  not  give  emetics  or  use  siooiacb-pump. 

nUUTANTS. 

or  general  sjmptoms,  see  pige  522 
timony — Tartar  Emetic— Wine  of  Antimony    or 

xide  of  Antimony. — SymfHewu. — Metallic  tiste  ;  nausea  j 
violent  vomiting;  burning  beat  and  pain  in  the  stomach;  purg* 
ing  ;  cram}s,  cold  perspiration,  and  great  debility. 

Treatment. — Assist  the  vomiting  by  draughts  of  warm  water, 
or  mucilaginous  drinks,  such  a:^  flaxseed  tea.  Then  give  a  cup  of 
strong  tea,  or  an  infusion  of  oak  bark,  or  a  solution  of  tannin. 
This  may  t>e  loUowed  by  opiates  and  stimulants. 

Chloride  of  Antimony — Butter  of  Antimony* — Symp- 
toms.— Same  as  above,  bat  more  caustic. 

Amtiiieies. — Magnesia,  xrith  milk  and  water,  baking-soda,  tan- 
nin, as  above,  for  tartar  emetic. 

Potassium  Bichromate. — Symptoms, — Violent  purging; 
painful  vomiting  of  yellow  vomit  ;  dilated  piipils ;  cramps  in  the 
legs ;  great  depression. 

Treatment. — Free  use  of  lime-water,  or  magnesia  in  milk. 

Arsenic— White  Arsenic— Arscnous  Acid. — Symptoms. 
— Come  generally  within  a  hall  hour,  bwt  may  Ijc  delayed  two  or 
three  hours.  Kaintness  ;  nausea  ;  constant  vomiting  ;  burning  ]»ain 
in  the  stomach,  increased  by  pressure,  and  soon  extends  over  ab- 
domen ;  headache  (frontxil);  diarrhnea;  greai  thirst;  catching, 
painful  respiration;  quick,  feeble  pulse;  cold  extremities,  and 
anxious  countenance.  l>eath  by  collapse  within  twenty-four 
hours. 

Treatment* — Expel  ihc  )>uison  by  thorough  emesis.  Promote 
the  sickness  by  free  use  of  albuminous  or  mucilaginous  drinks. 
As  an  antidote,  give  raw  eggs,  beaten  up  in  milk ;  freshly  pre- 
cipitated ferric  hydrate  or  ferric  hydrate  with  magnesia.     The 
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first  is  made  by  mixing  logeiher  loo  c  c.  of  liquor  fcrri  ter- 
sulphatis  (U,  S.  P.),  diluted  with  loooc.  c.  ol  cold  water  and 
no  c.  c.  of  ammonia  water  diluted  with  250  c.  c.  of  water. 
Let  settle  and  wash  it  by  decantation,  filtt-T  through  nuislin,  and 
shake  the  precipitate  up  with  250  c.  c.  (1  tumblerful)  of  water. 

Ferric  hydrate  writh  Magnesia  is  prepared  by  shaking  up 
10  grms.  of  cakiiied  magnesia  in  a  quart  bottle  with  about  800 
c.  c.  of  water  until  a  smooth  siiixture  is  obtained  ;  add  50  c.c. 
of  solution  of  ferric  sulphate,  U.  S.  P.,  and  shake  again  until  a 
uniform  smooth  mixture  is  obtained,  when  it  is  ready  for  use. 
Solution  of  dialyzed  iron  has  been  used  with  success.  These 
shotihi  be  followed  by  stimulants  well  diluted. 

Metallic  Salts— Alum. — Alkaline  bicarbonates,  baking- 
soda. 

Soluble  Barium  Salts. — Soluble  sulphates,  Epsom  or  Glau- 
ber's salt.     Then  give  emetics. 

EMETIC   POISONS. 

Soluble  Copper  Salts  — Albumin,  white  of  egg  and  milk, 
baking-soda,  followed  by  an  emetic. 

Iron— Green  Vitriol— Persulphate  of  Iron. — Baking- 
sodii  and  emetics  or  stomach  tube. 

Lead — Sugar  of  Lead,  White  Lead. — Solution  of  Epsom 
or  Glauber's  salt  given  with  raw  eggs.  Then  give  emetics  fol- 
lowed t>y  castor  oil. 

Mercury — Corrosive  Sublimate.— .•Mbiimin,  white  of  egg, 
flour  and  milk,  followed  by  emetics  or  stomach-pump,  unless  the 
poison  was  taken  in  a  concentrated  form.  Then  do  not  use  the 
[>unip. 

Silver  Nitrate — Lunar  Caustic. — Common  salt,  then 
emetics. 

Zinc  Chloride— Soldering  Fluid,  Burnett's  Fluid. — 
Baking  soda  milk,  white  of  egg,  tea,  decoction  of  ouk-bark. 
Give  opium  to  relieve  the  pain,  then  emetics  if  necessary. 

Tin,  Chloride  of. — Baking  soda,  magnesiai  milk  and  white 
of  egg. 

Iodine. — Most  common  from  the  tincture. — Give  boiled 
starch  paste,  made  thin  enough  to  drink.  In  urgent  rases  use 
starch  or  flour,  with  cold  water.  Produce  vomiting  or  use  the 
stomach  tube. 

Phosphorus— Rat  Poison. — Has  no  true  chemical  anti- 
dote.    Magnesia,  milk  of  magnesia,  chalk,   or  lime  suspended 
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in  gruel ;  turpentine.     Give  no  fixed  oils.     Produce  vonaiting  or 
use  the  stomach  tube  or  pump. 
Poisonous  Meat,  Fish,   Lobsters,   Etc. — Sympiams. — 

Nausea  and  vomiting  3  to  4  hours  after  taking  food,  gastro 
intestinal  irritation,  great  depression,  scarlet  rash  at  times,  con- 
vulsions in  young  subjects,  pupils  either  dilated  or  contracted. 
Recovery  usual. 

TV^^/w^ff/.— Encourage  vomiting  by  copious  draughts  of  warm 
water ;  counteract  depression  with  diluted  brandy  or  whiskey ; 
relieve  pain  with  opium  or  one  of  its  preparations.  Apply  hot 
fomentations  to  the  abdomen.  When  vomiting  ceases,  give 
castor-oil  or  other  laxatives. 


NEUROTICS. 

Narcotics -Opium,  Morphine,'  Laudanum,  Pare- 
goric, Soothing  Syrups,  Quieting  Cordials,  Etc. — Symp- 
toms. — Ap|jcar  in  20  to  30  minutes.  Commence  with  giddiness, 
drowsiness,  stupor,  insensibility,  with  slow  and  stertorous  breath- 
ing, weak  pulse,  contracted  pupils,  not  reacting  with  light,  sur- 
face sometimes  cold,  sometimes  bathed  in  sweat;  countenance 
livid.  There  is  occasionally  vomiting  or  convulsions  preceding 
death. 

Treatment. — First  empty  the  stomach  of  any  poison  still  re- 
maining unabsorbed,  by  emetics  or  the  stomach  pump  or  tube. 
The  patient  is  to  be  kept  awake  by  forced  walking,  by  the  cold 
douche,  or  flagellations  with  wet  towels.  Faradic  electricity  may 
be  applied  to  the  spine.  Give  strong  coffee  in  abundance. 
Atropine  hy|X)dermically,  in  riv  grain  doses,  repeated  until  the 
pupils  show  its  effects. 

Anaesthetics — Vapors  of  Chloroform  or  Ether,  Chlo- 
ral, Methylene  Dichloride,  Nitrous  Oxide,  Etc, — Pure 
air,  cold  douches,  artificial  respiration,  hypodermic  injections  of 
brandy,  aqua  ammonia;  (diluted),  nitrite  of  amyl  or  nitro-gly- 
cerin.  Galvanism  or  Faradism  may  be  employed,  if  the  instru- 
ments are  at  hand,  but  are  of  doubtful  benefit. 

Inebriants— Alcohol,  Cocculus  Indicus,  Nitrobenzene 
(Bssence  of  Miri>ane),  Anilin,  Etc. — Kmetics  or  stomach- 
pvmap.  when  there  is  reason  to  believe  that  any  [»oison  remains 
unabsorbed,  then  ammonium  carbonate,  hydroxide  or  acetate 
well  diluted.     'I'reat  the  narcosis  as  under  opium. 

Hyposthenisants  or  Syncopants — Prussic  Acid  (hy- 
drocyanic acid).  Potassium  Cyanide,   Laurel  Water, 
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Peach  Pits,  Cherry  Pits,  Plum  Pits,  Etc.— No  chemical 

antidolc.  Emetics  or  stoniach-pimi|),  where  there  is  time.  Cold 
ciTusions  to  face  and  neck,  inhalations  of  ammonia;  spirits  of 
ammonia  or  nitroglycerin  should  be  given  internally  with 
brandy. 

Aconite  (Monkshood,  Wolfsbane,  Blue  Rocket). — Sympioms. 
— Heat,  numbness  and  tingling  in  the  mouth  and  throat,  giddi- 
ness, loss  of  muscular  f)Ovver,  sometimes  delirium  or  purging. 
The  skin  is  cold,  thf  pulse  extremely  feeble,  breathing  oppressed. 
Death  by  collapse  or  asphyxia. 

Trfatmejit  vawsX  not  l>e  delayed.  Kinetics  or  stomach-pump, 
Give  castor  oil,  animal  charcoal,  or  strong  colTee.  Stimnl;inls 
will  be  needed— brandy,  ammonia,  nilrite  of  amyl,  nitroglycerin 
Artificial  respiration  if  necessary. 

DELIRIANTS. 

Belladonna  (Deadly  Nightshade). — Symptoms, — Dryness  of 
fauces,  ihirst,  Hushing  of  face,  dilatation  of  the  pupil,  double 
vision,  giddiness,  indistinct  vision,  delirium  and  stuj>or,  or  occa- 
sionally convulsions.  Symptoms  appear  in  a  half  hour  after 
dose. 

Treatment, — Stimulants,  emetics ;  morphine  acts  well  in  some 
cases. 

Stramonium  (Thorn-apple,  Jamestown  weed).  — Fruit  and 
leaves  are  poisonous.     Symptoms. — Same  as  belladonna. 

Treatment. — As  in  lielladonna. 

Hyoscyamus  Niger  (Henbane). — Symptoms, — Giddiness, 
excitement,  sense  of  weight  in  the  head,  drunkenness,  deliriuin, 
dilated  pupils,  double  vision,  ending  in  coma. 

Treatmetit. — Stomach-pump,  emetics  (ZnSO^),  stimulants  and 
full  dosc*s  of  castor  oil. 

NEUROTICS    PRODUCING    CONVUI.SIONS. 

Nux  Vomica,  Brucine  and  Strychnine. — Symptoms. — In- 
tense bitter  taste,  followed  in  a  few  minutes  by  difticult  breathing, 
stiffness  in  neck,  muscular  twitchings,  quivering  of  frame.  '1  he 
head  is  drawn  back,  the  body  arched  backward,  llie  face  be- 
comes dusky  and  drawn.  Soon  there  are  distinct  spasms  and 
great  fear  of  death. 

Treatment. — Kmetics  or  stomach-pump  l)cfore  si^asms,    then 

tannin,  tea,  oak-bark  tea.     Keep  the  jjalient  warm  and  quiet. 

Chloroform  or  chloral  to  control  the  spasms. 
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DEPRESSANTS. 


Digitalis  (P'lrple  Foxglove  .  Tobacco.  Lobelia,  Colchicuin 
/'Meadow-  Saffron).  White  Hellebore.  Stm^Ums. — Those  of 
great  <lepr€ss:on,  vomiting,  irregular  heart  action. 

Treatment. — Stimulants,  emetics  (mustard)  and  pargativics. 
L'se  <itimulan*.s  freely.  Wash  ou:  the  stomach  if  seen  in  tsmc,  or 
give  amristard  emetic. 

Bites. — First  wa^h  thoroughly,  then  ;jd:nt  with  carbolic  acid 
(]'l  strength^  or  tincture  of  ioJine.  lie  a  handkerchief  tighily 
aixive  wound,  until  the  above  applications  or  strong  D:tric  acid 
ran  \jc  applied.  Give  alcohol  freely  in  bites  of  snake,  scorpion, 
tarantula,  etc. 

Stings. — F^xtract  '-stinger"  if  let't  behind.  Apply  mud,  era 
|jaste  made  of  baking  soda,  or  wash  with  weak  ammonia  water. 

Poisoned  Wounds,    ")      Apply  carbolic  acid  (^4.' strength). 

Dissecting  Wounds,  -  or  paint  the  wound  and  around  it 

Infectious  Diseases,  J  with  tinct-re  of  itxi:ne. 

Give  stim'.ilani<  internally. 

Poisonous  Gases — Sulphuretted  Hydrogen,  Chlorine, 
Bromine,  Carbon  Monoxide  and  Dioxide,  Nitrous 
Fumes,  Illuminating  Gas,  Sulphurous  Oxide,  etc. — See 
sj^r  ial  ^'ase^  in  text. 

Treatment,— 'Yxfz^\\.  air,  rot,  and  mild  stimulation,  .\rtificial 
respiration  when  necessary. 

IMCOMPATIBLES. 

Sutfttances  are  ^aid  to  be  chemically  incompatible  when,  on  being  mixed 
t*^*:ther,  they  react  u{ion  each  other  so  as  to  cau>c  an  entire  change  in  the 
l/Toi-erties  *<f  the  suf/^tances  yj  mixed.  Tht-y  may  cause  the  evolution  of  a  gas, 
an  i:x|*Io';ive  mixture  or  crjm;>jun'I,  a  poisonous  or  very  active  substance  formed 
from  com[*arativcly  inert  one-r,  or,  a  precipitation  of  one  or  the  other  of  the 
injC'riitriN  in  the  new  comjxjunda  formed, 

Somettiri*r5  two  or  more  substances  are  brought  together  with  the  intent  of 
pr'Klucing  a  new  .substance  ddTcrenl  fr>>m  ether;  a-,  2KI  ^-  HgClj  -  "n'a  -1- 
zK'"!,     'Ihii  can  hardly  b»i  regarded  as  an  incompalib'.e  mixture. 

Of  phy.'iol«>gical  and  thcra|»ouiicai  incompatibility  we  shall  have  nothing  to 
say  here.  The  student  will  find  the  following  rules  oi  value  to  him  in  the 
l>eginning : — 

1.  A  free  acid  ii  incompatible  wiih  the  alkaloids  and  the  metallic  hydroxides 
and  f:arl>onates.  The  three  mineral  acids  displace  the  organic  acivJs  from  iheir 
salt*;.  The  converse  of  these  statements  is  al>o  true;  /.  c,  metallic  hydroxides 
and  cariKinates  are  incompatible  with  the  acids, 

2.  If  two  substances,  when  mixed,  can  form  an  insoluble  third  body,  or  can 
react  so  as  to  generate  a  gas,  they  are  incompatible. 

A  koowledge  of  the  solubility  of  the  ordinary  salts  is,  therefore^  of  great 
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import&nce  to  the  phpicun.  For  example,  lead  or  bariam  cannot  exist  in  a 
solution  with  a  sulphate;  silver,  lead,  or  mercurous  mercury  cannot  exist  in 
a  sutution  with  a  chloride. 

Subrslajices  are,  Iherefurc,  incompatible  with  their  tests  and  antidotes. 

3.  Thr  ulkflline  hydroxidea  and  carbonates  are  incorajwtible  with  the  salts 
of  the  alkaloids  and  uiost  :>alt>>  of  the  heavy  metals. 

4.  [odi<Ee^  and  bromides  precipitate  most  of  the  heavy  metals,  and  are  there- 
fore incompatible  with  them. 

5.  The  vegetable  astringents  and  bitters  owe  their  prupcrties  largely  to  their 
gallic  acid  .ind  tannin.  Tannin  and  most  vegetable  astringents  precipitate  the 
ht:avy  metals  from  their  salts,  and  are  therefore  incompatible  with  them. 

6.  Powerful  oxidising  agents  (strong  nilric  ucid,  poiii>stuin  permanganate, 
hydrogen  pemxidc,  chlorine,  the  hypochlorites,  potajismm  chlorate,  etc.)  should 
not  be  mixcil  with  easily  ozidi/able  organic  substances,  for  fear  of  forming 
explosive  compound^*, 

7.  The  two  principal  soUciils  of  the  U.  S.  P.  are  alcohol  and  water.  Each 
of  these  has  its  own  class  of  easily  soluble  bodies.  These  bodies  are  often 
precipitated  from  their  solutions  in  either  of  these  solvents  by  the  addition  of 
the  other.  Thus  the  tincture  of  iodine,  camphor,  essential  oils,  Ihe  gums  and 
gum-resins,  aloes,  etc.,  are  precipit^ed  or  rendered  unsightly  by  the  addition  of 
water  or  watery  solutions  of  drugs  or  chemicals. 

8.  'lliere  arc  some  solutions  that  should  always  be  prescribad  alone,  or  in 
a  plain  watery  solution,  as  they  readily  dccom|K>se.  Among  these  may  be 
mentioned  the  compound  syrup  of  hypophospliitcs.  Fowler's,  Donovan's,  and 
Lugol's  solutions. 

These  few  rules  will  serve  to  call  the  student's  attentioa  to  the  subject,  and 
to  the  general  range  of  incompatibles. 
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PHYSIOLOGICAL  AND  CLINICAL  CHEMISTRY. 

Origin  of  Vegetable   Energy, — In   the  consideration   of 

living  bodies  we  are  led  in  the  outset  to  divide  them  into  two 
distinct  classes;  plants  which  grow  silently  under  the  action  of 
sunlight,  and  animals  which  grow  aUo,  but  manifest  their  im- 
jwessions  and  tlieir  will  by  active  movements.  This  difference 
is  not,  however,  well  marked  in  all  cases,  as  plants  are  known  to 
exhibit  active  movements. 

The  difiference  between  plants  and  animals  is  more  clearly 
defined  by  the  character  of  their  food,  and  the  chemical  pro- 
cesses which  accompany  their  growth. 

The  vegetable  re(  eivt-s  its  energy  principally  from  the  sun's 
rays,  and  feeds  upon  substances  from  the  mineral  kingdom,  which 
are  destitute  of  potential  energy.  With  these  substances,  CO,,N 
and  H,0,  it  undertakes  to  build  up  an  organism. 

In  order  to  do  so  the  absorption  of  the  energy  of  heat  and 
light  is  necessary. 

These  it  obtains  from  the  sun,  or  from  some  artificial  source  of 
light  and  heat  which  can  take  its  place.  By  the  aid  of  these,  it 
chemically  combines  inert  bodies  into  potential  organic  sub- 
stances. 

Animals,  on  the  other  hand,  decomix)se  and  render  sensible 
the  potential  energy  stored  up  in  organic  substances  prejiared  by 
the  plant  This  energy  they  convert  into  kinetic  energy  (heat, 
nervous  energy,  and  muscular  movement).  At  the  same  time, 
they  eject  the  used-up  products  in  the  chemically  inert  form  of 
CO,,  H,0  and  urea,  suited  for  the  use  of  the  plant. 

In  a  word,  the  animal  lives  on  the  energy  stored  up  by 
the  plant.  When  an  anirual  respires,  it  absorbs  a  quantity  of 
oxygen,  which  varies  from  9  to  300  thousandths  of  its  weight  in 
every  24  hours.  Almost  all  of  this  oxygen  is  used  to  produce 
COj  and  llfi  with  its  combustible  matters.  This  is  the  princi- 
pal source  of  its  energy.  Plant  cells  respire  also  in  the  same 
way  and  for  the  same  purpose  as  animal  cells.  Plants  use  up  a  part 
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of  their  stored  energy  in  exactly  the  ^me  manner  as  do  animals, 
by  oxidation. 

The  functions  of  the  protoplasm  in  plants  require  the  exix;n- 
diture  of  energy,  and  this  energy  is  produced  by  the  oxidation  of 
combustibles.  lu  the  plant  then,  we  have  two  processes  going 
on  at  the  same  time;  the  taking  in  of  CO,  and  H^O,  and  the 
I  construction  of  complex  organic  compounds  from  them,  and  the 
'  burning  up  of  a  portion  of  these  compounds  to  furnish  the  neces- 
sary vital  energy  to  carry  on  its  functions,  with  the  exhalation  of 
of  CO,  and  H,0.  The  balance,  however,  is  in  favor  of  the  lirst 
of  these  processes,  during  the  daytime,  but  at  night  the  plant 
lives  like  an  animal,  borrowing  its  energy  from  the  combustion 
of  Ils  rcser\'es.  This  fact  is  shown  by  the  increase  of  temper- 
ature of  certain  plants  at  night,  and  of  flowers  just  at  the 
moment  of  expamlirig,  or  in  the  heat  develo|)ed  by  the  sprouting 
of  grain,  when  the  only  source  of  energy  is  the  dccom[x>sitioa  of 
reserves. 

Chlorophyll. — When  the  green  fjarts  of  a  plant  are  exposed 
to  air  and  sunlight,  they  have  the  iX)wer  in  some  way  of  absorb- 
ing the  smalJ  amount  of  CO,  from  the  air,  and  returning  oxygen 
to  the  air.  If  we  examine  the  plant  for  the  carbon,  we  find  a 
series  of  bodies  which  have  been  studied  under  the  name  of  car- 
bohydrates, viz. :  glucose,  larvulose,  sucrase,  starch,  etc. 

The  first  of  these  substances  formed,  so  far  as  we  can  learn, 
are  glucose  and  starch. 

We  also  find  that  certain  nitrogenous  products  are  formed. 
The  nitrogen  used  is  usually  in  the  fully  saturated  or  chemically 
inert  fonn  ;  x*.  ^.,  ammonia,  nitrates  and  possibly  urea  and  antids 
or  amins  found  in  the  soil.  It  is  prol>ahle  that  most  of  these 
amid  bodies  are  converted  into  nitrates  before  being  used  by  the 
plant. 

The  mechantsm  that  causes  the  decomposition  of  water  and 
carbon  dioxide  has  been  proven  to  be  the  green  coloring  matter 
of  the  leaves. 

It  can  be  proven  that  this  coloring  matter,  or  chlorophyll, 
will  produce  the  change  when  exhausted  from  the  leaf  with  alco- 
hol or  petroleum  either.  The  rapidity  of  the  aljsorpiion  of  CO, 
and  the  evolution  of  O,  is  proiKJrtional  tu  the  intensity  of  the 
light- 

ThcHght  from  an  incandescent  electric  light,  or  a  strong  gas 
light,  will  also  cause  the  change. 

The  reaction  between  CO,  and  H,0  that  takes  place,  by  which 
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CO,  dissappears  and  oxygen  is  evolved,  would  be  represented  as 
follows : — 

CO,        +        H,0        =        0,        +        ^^U 

I  Tohune.  I  volume.  Pomuldchyde. 

not 
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There  are  reasons  for  thinking  that  this  reaction  does 
exatly  represent  the  change  that  takes  place,  but  thai  the  chloro- 
phyll, under  the  action  of  the  sun's  rays,  combines  with  hydrogen 
to  form  a  hydride. 

The  hydrogen  is  obtained  by  the  decomi)03itioD  of  H,0  and 
the  liberation  of  oxygen. 

This  hydride  of  chlorophyll,  or  chlorophyllin.  gives  up  its 
hydrogen  to  the  CO,  as  follows; 

H,  +  CO,  =  COll, +  0. 

In  either  case  the  first  compound  formed  is  formaldehyde, 
which  by  polymerizing  forms  C^H^O^  or — 

H  H   H   II   n 
H    O    O   O    O     I 
0=C— C— C— C— C— C— OH 
il    II    11    H   II 

It  is  thus  that  the  plant  prepares  sugars,  starch  and  cellulose, 
by  the  i>olymeri/.aiion  of  formaldehyde,  and  then  slight  changes 
in  the  hydration  or  dehydration  of  the  product 

Tile  organic  products  of  plant  synthesis  can  be  grouped  into 
the  following  five  classes  : — 

1.  Alcohols,  the  sugars,  and  otiier  carbohydrates. 

2.  Fats. 
3-  Hydrocarlwns. 

4.  Albuminoid  matters. 

5.  Nitrogenous  substances  not  albuminoid. 
Assimilation  of  Nitrogen.— It  has  been  proven   by  many 

series  of  exijeriments  that  plants  c;innol,  loan  appreciable  extent, 
assimilate  free  nitrogen  from  the  air. 

The  present  state  of  our  knowledge  teaches  us  that  plants 
receive  the  most  of  their  nitrojt;en  as  nitrates  and  ammonia.  By 
far  the  largest  absorption  is  as  nitrates.  These  nitrates  are  pro- 
duced in  the  air  by  electric  discharges  and  the  evaporation  of 
saline  waters.  (Sec  fiage  165.)  A  considerable  production  of 
nitrates  takes  place  in  arable  soils  under  the  influence  of  specific 
organisms  which  act  upon  ammonia  and  nitrogenous  matters 
found  in  such  soils.     This  organism  is  known  as  the  nitrifying 
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ferment,  and  is  always  present  in  soils  containing  vegetable 
matter.     (See  page  552.) 

It  is  probable  that  planrs  can  absorb  urea  and  some  other  sulii- 
ble  nitrogenous  bodies  of  animal  origin  to  a  slight  degreCj  but 
they  arc  quickly  transfonnt'd  in  the  cells  of  the  roots. 

As  wc  are  not  acquainted  with  the  constitution  of  allmminoids, 
we  cannot  follow  the  reactions  for  the  building  up  of  these  bodies 
in  the  plant.  Wc  do  know  by  experience  that  plants  thrive  best 
on  nitrogen  in  the  form  of  nitrates;  that  the  nitrates  enter  the 
circulation  and  reach  the  leaves,  where  they  meet  with  very 
strong  reducing  agents  in  formaldehyde  and  glucose.  This  reduc- 
tion probably  takes  place  as  we  see  it  in  the  warming  of  alcohol 
with  nitric  acid,  with  the  production  of  hydrocyanic  acid,  formic 
acid,  and  water.  This  reaction  takes  place  at  about  35°  to  40°  C, 
/.  <?. ,  at  summer  temix'raturc. 

We  may  represent  the  reaction  as  it  would  occur  in  the  leaf  as 
follows : 

2HNO,       f      sCOir,      =      2HCN      -f      3CO,      H-      sH,o. 

Nitric  acid.  Formmldehyde.  Hyilrocyanic 

acid. 

The  presence  of  hydrocyanic  acid  is  nell  known  in  the  almond, 
laurel,  rose,  i)each,  and  many  other  leaves,  fruits  and  flowers. 

Again,  it  has  been  shown  that  hydrocyanic  acid,  in  presence  of 
water  and  formaltlchydc,  can  fonn  certain  amids  which  have 
been  recognized  as  among  the  decomposition  products  of  albu- 
min. It  is  probable  then  that  the  origin  of  albuminoid  bodies  in 
plants  is  that  here  indicated  in  brief  outline,  and  represented  by 
thr  following  empirical  reaction: 

66CH,0  -f  17CNH  =  C„H.o,N^On  +  aiHCOOH  -f-  2H,0. 

AlDumia.  Formic  Add. 

The  albumin  once  formed*  it  can  be  transformed  into  other 
proteids  In  a  brief  way,  then,  we  have  traced  a  few  of  the  syn- 
thetic reactions  by  which  plants  pre|)are  their  reserves  of  jx>ten- 
tial  organic  l)odies,  or  Iwdirs  that  on  oxidation  in  the  animal 
body,  when  used  as  food,  can  give  out  heat,  nervous  and  muscu- 
lar energy. 

We  have  thus  the  source  of  the  energy  of  animal  life ;  for  ani- 
mals subsist  u\iOt\  the  products  prepared  by  plants,  either  directly, 
or  subsist  upon  animals  which  in  turn  fee<l  u|K)n  the  stores  of 
siarch.  gum,  sugar,  and  albuminoid  bodies  laid  uj)  by  plants.  It 
will  Ijc  noticed  that  the  edible  parts  of  plants  are  the  fruits.  tiil>ers 
or  root -stalks  in  which  the  plant  has  stored  these  reserves  intended 
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for  the  nourishment  of  the  new  germ,  when  needed  to  start  it 

its  growth. 

Animal  Synthesis. — We  have  seen  that  the  general  resul 
of  plant  growth  is  synthetical,  while  that  of  the  animal  is.  in  the 
main,  destructive  or  analytical.  In  the  animal,  however,  we  ha- 
synthetic  processes,  which  resemble  those  of  the  plant.  There 
a  few  animals  whose  cells  pwssess  chlorophyll  {IJyifra  viridis^ 
They  behave  like  plants  in  the  sunlight,  giving  off  oxygen  a 
storing  up  carbon.  The  formation  ol"  fat  in  the  aniaial  l>ody  out 
of  albuminoids  and  carbohydrates  is  undoubtedly  a  synthetic  pro- 
cess. Animals  find  it  necessary  to  store  up  reserve  products  and 
they  first  convert  a  part  of  the  potential  energy  into  kinetic  energy, 
and  then  reconvert  it  back  into  [xttential  energy,  scored  up  in  the 
form  of  adipose  tissue.  When  the  food  taken  furnishes  more 
energy  than  is  required  for  present  needs,  the  excess  is  partly 
stored  up  in  the  form  of  fat.  to  be  liberated  for  u^c  when 
supply  is  deficient. 

Proximate  Principles  — When  animals  take  food  com 
of  the  carbohydrates,  fats,  and  albuminoids,  they  first  get 
into  a  soluble  and  diffusible  form,  then  alisorb  them  into   their 
circulation.     Then  there  begins  a  processof  assimilation  or  appro- 
priation. 

The  animal  foods  usually  consist  largely  of  albuminoid,  fatty, 
and  mineral  matters,  except  in  case  of  milk,  which  contains 
all  of  the  classes  above  mentioned,  or  it  is  what  has  l)een  called  a 
perfect  food.  Although  we  take  as  food  various  mixtures  of  vege- 
table and  animal  tissues  and  |>rodu(.Ls,  we  may  divide  the  proxi- 
mate principles  into  carbohydrates  (including  alcohols, 
starch,  sugars,  and  gums),  fats,  albuminoids  or  proteids,und 
mineral  salts.  Each  of  these  has  itss[>ecial  uses  in  the  economy, 
and  all  of  them  are  necessary  to  ilie  perfect  maintenance  of 
health.  If  either  of  ihera  is  lacking  in  our  food,  the  body  can, 
for  a  time,  overcome  the  deficiency  by  transforming  the  others 
into  a  substitute  of  that  which  is  missing.  It  is  found,  how- 
ever, that  this  is  always  attended  with  loss  of  energy  and  we] 
being. 

Origin   and   Role   of   Inorganic   Substances    in    t 
Human  Body. — -Uesides  the  organic  matters  of  which  we  ha 
briefly  traced  the  origin,  there   exist   in   human   tissues  certain 
inorganic    or    mineral    matters,     which,     from    their   cons' 
presence,  must  have  an  important  office  to  |>erfomi.     The  hu 
body,  as  a  whole,  contains  about  70  \tcx  cent,  of  water  and  30 
cent,  of  solid  matters.     The  amount  of  ash  left  on  burning 
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adult  body  is  from  3  it*  5  iter  cent.  There  is,  therefore,  al>out  a 
fourth  of  the  body  n»adeup  of  dry  organic  matter. 

Gaseous  Matters. — Oxygen,  partly  combined  and  paril)  in 
solution,  is  found  in  the  blood  and  almost  all  the  liquids  of  the 
body.  It  unites  in  the  blood  with  the  hemoglobin  of  the  red 
blood  cells,  which  rendersit  active  and  carries  it  to  all  the  tissues. 

Jn  this  manner  it  is  brought  in  contact  with  the  uxidizable 
products  of  the  hydration  of  proteids,  and  burns  them,  and 
assists  all  the  tissues  in  disposing  of  waste  products  of  cell  action. 
An  adult  absorbs  from  770  to  850  grams  of  oxygen  daily,  and 
exhales  by  the  lungs  540  to  720  grams  as  CO,;  a  part  of  the  re- 
mainder is  exhaled  by  the  skin  in  the  same  state,  and  a  part  is 
converted  into  water,  urea,  and  other  oxidation  products. 

The  oxygen  excreted  is  about  one-fifth  more  than  we  inhale; 
the  exress  coming  from  the  food  taken. 

Nitrogen  is  found  dissolved  in  the  blood  and  other  fluids,  and 
is  contained  in  all  cavities  which  are  filled  with  gas.  In  combi- 
nation it  assists  very  largely  in  making  up  the  tissues. 

Carbon  Dioxide  is  met  with  in  expired  air,  and  dissolved  in 
nuny  of  the  iluids  of  the  body,  and  in  the  gases  of  the  intestine. 
In  the  blood,  saliva,  lymph,  bile  and  other  fluids,  it  is  found  in 
combination  as  carbonates  of  the  alkaline  and  earthy  metals. 

In  the  blood  it  is  also  found  combined  with  the  alkaline  phos- 
phates. One  molecule  of  sodium  phosphate,  which  alkalinizes  the 
Ijlood.  combines  with  2CO,.  This  weak  compound  can  be  de- 
composed and  the  CO,  expelled,  by  passing  through  the  fluid  an 
inert  gas  at  37°  C.  ["9^.5°  F.),  or  by  the  presence  of  oxygen 
combined  with  haemoglobin. 

It  also  forms  weak  combinations  with  serin  and  globulin  of  the 
blood.  When  diluted  with  water  and  heated,  or  when  put  in  a 
nearly  complete  vacuum,  these  com]K>unds  |>art  with  the  carbon 
dioxid.  The  CO,  is  carried  from  the  tissues  to  the  lungs  in  these 
weak  combinations. 

Hydrogen  is  found  free  in  the  gases  of  the  intestines,  where 
it  is  liberated  by  fermentation. 

>Vater  forms  al>out  70  per  cent,  of  an  adult  human  body. 
The  proportion  is  greater  in  infants  and  less  in  the  aged. 

An  .idult  t^ikes  in  about  2500  l.  c.  and  excretes  about  3600 
c.  c.  daily.  The  excess  of  100  c.  c  excreted,  al>ove  that  taken  in, 
comes  from  the  oxidation  of  the  food  or  tissues.  The  pro|x>rtion 
of  water  varies  considerably  in  the  various  tissues  and  fluids  of  the 
body.  The  sweat  contains  99.5  percent.  ;  the  lymph  93  to  96 
{»er  cent.  ;  chyle  90  to  97  |>er  cent. ;  milk  86  to  90  per  cent  ; 
46 
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blood  78  per  cent.,  as  a  mean;  nerves  70  |jer  cent.  ,  hraiii 
per  cent.  ;  muscles  76  per  cent.  ;  cartilage  55  i>er  cent.  ;  Ixi 
32  to  40  per  cent. ;  teeth  10  jx^r  rent. 

Water  is  essential  in  carrying  on  the  vital  processes.  It  dis- 
solves the  snlKtanccs  intended  for  the  nutrition  of  the  tiK.>iies.  as 
well  as  the  waste  prodncis  t»f  their  disintegration.  It  is  thus  the 
medium  of  all  chemical  reactions  taking  place  within  the  body, 
and  of  the  transfer  of  materials  from  one  place  to  another.  Water 
is  one  of  the  chief  agents  used  by  plants  in  building  up  the  carbo- 
hydrates. It  is  also,  in  the  animal,  one  of  the  chief  agents  used 
in  the  digestion,  assimilation,  and  dissimilation  of  the  proximate 
princijjles  of  foods.  The  water  of  the  tissues  may  Vjc  reduced  by 
hemorrhages,  diarrhcba  and  other  exhausting  discharges.  The 
person  thus  affected  usually  suffers  intense  thirst,  and  water  should 
be  supplied  freely.  It  sometimes  becomes  neces.sary  (hemorrhage, 
cholera)  to  supply  the  water  by  venous  injections  of  a  0.75  per 
cent,  salt  ^^olution. 

Frogs  die  when  they  have  lost  an  amount  of  water  equal  to  50 
per  cent,  of  their  body  weight ;  but  they  can  live  for  two  days  in 
an  atmos[ihere  of  jiure  oxygen,  after  all  their  blood  has  been  dis- 
placed by  a  0.75  per  cent,  salt  solution.  (Oertmann.)  During 
ihifi  time  they  use  the  same  amount  of  oxygen  and  exhale  the  same 
amount  of  CO,as  in  health.  A  considerable  increase  of  water 
in  the  body  is  harmful,  as  it  increases  tissue  waste,  dissolves 
haimoglobin  from  the  red  corjiusclcs,  and  thus  reduces  the  oxy- 
gen-carrying ix)wer  of  the  blood,  and  washes  a^\-ay  the  soluble 
saline  matters.  Injections  of  a  great  excess  of  water  into  the  cir- 
ciilatiun  may  cause  death. 

A  deficiency  of  water,  if  prolonged,  leads  to  the  accumu- 
lation of  waste  products  in  the  blood  and  tissues,  to  deficient 
nutrition,  often  leading  to  consti|>ation,  dyspeptic  symptoms,  loss 
of  weight,  and  rheumatic  or  gouty  afTertions. 

Hydrogen  Peroxide  has  been  found  in  the  sweat  and  a  few 
other  rtuids  uf  the  body. 

Hydrogen  Sulphide  is  found  in  ihc  intestine  as  the  result  of 
the  decomposition  uf  bile  and  proteids  by  bacteria- 
Ammonia  is  formed  l)y  the  same  decompositions,  but  it  soon 
coml>ines  witli  acids  to  form  salts. 

Acids. — Free  hydrochloric  acid  is  found  in  the  gastric  juice. 

Lactic  Acid  occurs  in  the  stomach  during  digestion,  and  it 
is  produced  in  the  intestine  along  with  butyric  acid  by  the  action 
ofs|)ecial  ferments.     Sarcolactic  Acid  is  found  in  the  juice  of 
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the  muscles,  during  and  after  active  conttaiiion.    The  acidity  of 

muscle  increases  for  some  hotirs  uUer  death. 

Metallic  Salts. —  Dissolved  in  tlic  fluids  or  combined  with 
the  organic  substances  composing  the  tissues,  are  found  certain 
metallic  salts,  which  play  an  important  role  in  nutrition.  They 
give  to  these  organic  sulistanres  new  and  special  pro^ierties,  such 
as  solubility,  dialysabilily,  the  power  of  solidifying  as  in  tendons 
and  bones,  and  the  property  of  elasticity,  resistance,  etc.  Iron 
and  copper  play  a  specific  role  in  the  constitution  of  certain  l>odies 
(nuclein.  jjrotoplasm,  hemoglobin,  etc.). 

Sodiuin  Chloride  is  the  most  nlnmdant  of  these  saline  bodies. 
We  ahsorb  and  <jtimiiiate  about  14  grams  a  day.  Its  principal 
function  is  to  favor  solution  and  osmosis  of  the  protcid  bodies, 
and  it  thus  facilitates  nutrition.  It  also  facilitates  the  carrying 
away  of  the  excreraentitious  matters  formed  by  the  activity  of  the 
celU.  Common  salt  is  necessary  to  the  function  of  the  various 
glands  of  the  body.  It  enters  into  the  composition  of  cartilage, 
bone,  teeth,  etc.  A  weak  solution  of  this  salt  increases  the  solu- 
bility of  most  of  the  proteids.  It  increases  the  urinary  secretion 
without  increasing  the  elimination  of  urea.  Al>nut  10  to  12  grams 
of  NaCI  are  excreted  daily  by  the  urine,  i>esides  that  found  in  the 
perspiration,  tears  and  faices.  Sodium  chloride  is  more  abundant 
than  potassium  chloride  in  the  plasma  of  the  fluids,  while  the  lat- 
ter is  more  abimdant  in  the  cellular  elements. 

Potassium  chloride  cannot  take  the  place  of  sodium  chloride. 

Potassium  Chloride  is  met  with  in  the  cells  of  every  soft 
tissue,  in  the  intercellular  tluids,  muscle  juice,  and  nervous  tissue. 
It  seems  to  have  a  true  stmmlant  action  upon  the  activity  of  the 
cells.  Plants  have  need  of  and  contain  more  iKttassium  than 
sodium  salts.  This  is  probably  l>ecause  the  principal  work  of 
plants  is  constructive,  which  action  is  stimulated  by  potassium 
salts.  Sodium  chloride  rather  favors  the  di^imilation  of  cell 
waste.  Herbivorous  animals  require  some  NaCI  to  favor  a  good 
state  of  health. 

The  Calcium  Salts  are  furnished  by  Iwjlh  food  and  drink. 
Lime  gives  solidity  to  the  skeleton,  and  resistance  to  the  whole 
body.  It  is  the  princijiai  solidifying  agent,  and  when  the  tissues 
degenerate  it  accumulates.  In  the  disease  called  rickets  and 
osteomalacia  it  is  deficient  in  the  bones,  which  are  soft  and  easily 
bent. 

Magnesium  is  found  in  the  tissues  with  lime.  Its  special  rt^le 
in  not  well  understood.  It  is  u  constant  ingredient  in  brain  nat- 
ter, musclesi  and  the  chlorophyll  of  plants. 
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The  Sulphates  are  always  to  he  roiiml  in  the  urine  and  in 
otiicr  fluids.  II^SO^  is  constantly  prepared  by  the  disintegrated 
and  oxidi/.ed  proieids,  most  of  which  contain  sulphur  About 
70  per  cent,  of  the  sulphur  of  protcids  appears  a-*  phenol- 
sulphate,  skatoxyl-sulphate.  or  indol-sulphate  in  the  urine.  The 
sulphates  of  lime  and  magnesiutu  are  abundant  in  cartilage.  We 
excrete  by  the  urine  from  1.5  to  2.5  ^rams  [►er  day  of  sulphuric 
acid  combined  as  sulphates  and  ethers.  They  are  increased  by 
an  animal  and  de  rea&ed  by  a  vegetable  diet. 

The  Alkaline  Carbonates  and  bicarbonates  exist  in  the 
lymph,  chyle,  saliva,  bile,  bkvod,  etc.  These  salts  of  potassium 
exist  in  the  blood  aud  parotid  saliva  of  herbivorous  animals.  It 
is  the  bicarlK>nate  of  sodium  that  gives  most  of  the  alkalinity  to 
the  blood  and  other  liquids.  With  carnivorous  animals  the 
alkalinity  is  due  to  the  phosphates  and  carbonate  combined. 

'ITiesc  salts  are  furnished  by  the  food,  especially  as  salts  of  the 
organic  acids,  which  by  oxidation  are  converted  into  carbonates. 
Uoth  the  absorption  of  oxygen  and  the  oxidation  of  organic 
mutters  are  favored  by  an  alkaline  medium.  The  bodies  most 
easily  oxidized  in  alkaline  solution  are  the  sugars,  alcohols,  or- 
ganic acids,  and  then  fats;  the  last  l»eing  saponified,  the  glycerin 
and  acid  being  oxidized  separately. 

Ammonium  Carbonate  is  met  with  in  traces  in  the  blood. 
It  appears  in  the  blood,  stools,  and  breath  at  the  same  time  in 
cholera. 

The  Alkaline  Phosphates  are  found  in  almost  all  tissues 
of  the  Ixxly.  The  phosphate  of  sodium,  HNa^PO^  is  the  one 
to  which  the  alkalinity  of  the  blood  is  largely  due.  The  ix>tas- 
.sium  salt  predominates  in  the  blood-cells.  The  blood  of  omniv- 
orous and  carnivorous  animals  contains  more  phosi>hates  than 
that  of  the  herbivorous.  The  phosphates  are  eliminated  prin- 
cipally by  the  urine  in  the  form  of  neutral  or  acid  phosphates  of 
sodium,  calcium,  and  magnesium.  .\  little  is  excreted  by  the 
fsces.  and  a  small  amounl  tri  some  other  forms. 

.As  we  take  a  large  |)art  of  our  phosphates  in  our  food,  as  the 
potassium  salt,  it  is  probable  that  the  soditnn  salt  is  formed  by 
the  reaction  of  NaCl  upon  R^HPO^  in  the  blood  and  lymph. 
From  this  reaction  there  results  the  Na-jHTD,  of  the  plasma,  and 
KCl  of  the  corpuscles. 

In  all  actively  growing  parts  of  the  body,  in  red  and  white 
blood-corpuscles,  in  muscles,  nerve  tissue,  yolk  of  eggs,  the 
seeds  and  young  sprouts  of  i>lanls,  we  usually  find  certain  organic 
bodies,  rich  in  phosphorus,  such  as  lecithin,  nuclein,  leguiuin,  etc. 
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The  Earthy  Phosphates  are  met  with  in  the  bones,  teeth, 
and  in  less  amount  in  certain  tissues  and  in  the  urine. 

The  Carbonate  of  Calcium  is  found  to  a  slight  extent  ia 
bones  and  in  the  shells  of  mollnsks.  It  sometimes  occurs  in  solu- 
tion as  the  bicarbonate,  but  often  in  the  insoluble  state. 

This  salt  sometimes  »;ivcs  rise  to  concretions  in  the  saliva,  or 
ui>on  the  teeth,  and  in  the  labyrinth  of  the  ear  (otoliths). 

Silica  occurs  in  small  quantity  in  botli  plants  and  animals, 
but  its  function  has  not  been  clearly  made  out.  It  has  some 
well-defined  use,  and  is  found  very  widely  distributed  in  both 
animals  and  plants. 

Iron  is  found  as  an  essential  constituent  of  certain  coloring 
matters,  as  hemoglobin,  yolk  of  egg^  the  pigments  of  the  skin, 
hair,  eyes,  etc.  The  most  remarkable  compounds  containing  it 
are  the  hemoglobin  of  the  red  blood-corpuscles  and  the  nuclcin, 
or  the  nuclei  of  the  cells  throughout  the  body.  One  thousand 
|)arts  of  the  blood  of  man  contain  0.56  part  of  iron;  of  beef, 
0.51  ;  of  the  goat,  0.33  part. 

Most  of  our  food  and  drink  contains  traces  of  iron,  and  our 
meats  contain  enough  to  satisfy  our  wants.  It  is  eliminated  by 
the  bile  and  fxces.  Iron  comixjund  seems  to  be  the  princij^al 
carrier  of  oxygen  in  the  blood.  We  administer  it  to  increase  the 
hrcmoglobin  and  the  oxidizing  power  of  the  blood. 

In  vegetables,  it  enters  into  the  composition  of  the  protoplasm 
of  cells,  and  possibly  in  the  chlorophyll,  although  this  is  dis- 
puted. Iron  seems  to  be  essential  to  the  growth  of  plants  as  well 
as  of  animals. 

Copi^er  enters  into  the  composition  of  some  plants  and 
animals.  .\s  it  always  occurs  in  these  organisms,  it  is  safe  to  say 
that  it  has  some  unknown  r6le  to  perform.  In  certain  organisms 
it  seems  to  replace  iron.  CopjKT  is  found  to  exist  in  many 
cereals  and  food  products.  Lead,  manganese,  silver,  zinc,  and 
other  metals  arc  frequently  taken  with  food  or  drink,  and  that 
they  exert  some  action  on  the  economy  is  certain,  althoug)i  we 
are  ignorant  of  their  exact  function. 


THE  FERMENTS. 

Very  many  of  the  changes  that  take  place  in  the  body  are  pro- 
duced through  the  agency  of  ferments.  Not  only  do  we  have 
to  do  with  those  soluble  active  proteids  which  produce  hydration 
of  other  cum|M>unds,  breaking  up  complex  molecules  mto  simpler 
ones,  but  there  are  a  numl^cr  of  such  processes  due  to  the  action 
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of  certain  microscopic  organized  bodies.  It  will  be  conveni« 
therefore,  to  give  here  some  account  of  these  ferments.  Thei 
may  be  divided  into  two  groups,  the  soluble  and  the  organ- 
ized ferments. 

The  soluble  or  unorganized  ferments,  or  enzymes,  are 
a  class  of  albuminoid  bodies  which  have  the  puvver.  under  favor- 
able circumstances,  of  causing  certain  chemical  changes  in  other 
bodies  with  which  they  are  brought  in  contact,  without  them- 
selves undergoing  any  change.  They  are  called  ferments  l>ecause 
of  the  similarity  of  their  action  to  that  of  yeast  and  other  wcU- 
known  ferments.  Some  of  these  botlies  are  of  vegetable,  while 
others  are  of  animal  orii^in.  Thoscof  vegetable  origin  are  dias- 
tase, emulsin,  bromelin,  papain,  and  myrosin;  while  those 
of  animal  origin  are  ptyalin  (saliv.iry  diastase),  pepsin,  curd- 
ling ferment,  pancreatic  diastase,  trypsin,  invcrtin, 
histozym,  and  probably  others. 

I'he  exact  chemical  composition  of  these  bodies  is  unknown, 
except  that  they  are  proteids.  They  are  all  soluble  in  water,  are 
prcci()itated  by  alcohol  and  by  lead  acetate.  They  are  very  dif- 
fusible, lose  their  activity  by  being  boiled  with  water,  but  arc  not 
precipitated.  They  have  not  yet  been  obtained  in  a  state  of  ab- 
solute purity.  The  artificial  preparations  are  mixtures  of  the  true 
ferment  with  other  products  found  with  them  in  the  digestive 
secretions.  The  soluble  fennenis  are  chiefly  known  under  the 
collective  name  of  enzymes.  They  are  characterized  by  the 
fact  that  a  very  small  quantity  of  the  en/ymc  is  capable  of  trans- 
forming a  large  amount  of  the  sulistance  acted  u;K>n.  Their 
activity  is  dependent  upon  the  tem])erature,  being  al)sent  at  very 
low  temi>eratures,  increasing  as  the  temperature  is  raised  to  a  cer- 
tain [ioint,  which  varies  slightly  in  different  enzymes,  then  again 
diminishing  as  the  temperature  is  further  raised,  and  at  a  suffi- 
ciently high  tenii>eratiire  they  lose  their  activity,  the  albuminoid 
basis  being  coagulated  and  i>reri[>itated.  They  are  generally 
sensitive  to  a  change  of  reaction  in  the  solution  in  which  they  are 
acting,  from  alkaline  to  acid,  or  from  acid  to  alkaline.  Certain 
salts  destroy  their  action,  while  others  oidy  retard  it.  Their 
activity  is  in  all  cases  lessened,  and  finally  stop]>ed,  by  the  pres- 
ence of  an  excess  of  the  products  which  they  give  rise  to.  They 
will  stand  a  higher  temperature  when  dry  than  when  in  the  moist 
condition.  They  may  even  be  heated  in  the  dry  state  to  loo**  C. 
(212°  F.)  without  permanent  loss  of  their  activity.  Analysis 
shows  their  composition  to  lie  more  nearly  that  of  the  (iroteids 
than  of  any  other  class  of  substances.     The  basis  of  most  of  the 
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enzymes  appears  to  be  a  proteose,  while  some  behave  more  like 
an  albumin.  The  only  means  at  our  disix)sal  for  determining  the 
presence  of  an  enzyme,  is  ihat  of  ascertaining  the  change  it  is 
able  to  produce  in  another  substance. 

Tlie  soluble  ferments  have  a  definite  ascertainable  limit  of 
energy.  Their  power  is  used  up  in  proportion  to  the  work  done, 
and  the  value  of  the  ferujent  is  generally  eslinaated  by  determin- 
ing the  amount  of  food  substance  which  it  can  convert,  under 
fixed  coudiLions.  They  arc  soluble  in  water,  from  which  they 
are  precipitatetl  by  an  excess  of  absolute  alcohol.  In  many 
cases  they  may  be  precipitated  from  their  aqueous  solution  by 
saturation  with  (NH.X^SU,.  They  are  soluble  in  glycerin,  from 
which  they  are  preci()itated  by  alcohol.  They  are  not  diffiisible, 
and  may  be  separated  from  ditTusible  substances  by  dialysis. 
They  arc  prepared  by  cell  action  in  certain  portions  of  plants  and 
animals,  but  in  most  tases  the  enzymes  do  not  exist  in  the  free 
or  active  condition  in  the  cells,  but  in  the  form  of  an  inactive 
antecedent,  to  which  the  name  of  zymogen  is  applied.  It  is 
frequently  necessary,  therefore,  lo  treat  the  tissue  with  some 
reagent  that  shall  convert  the  zymo;:en  into  an  active  enzyme,  in 
order  to  obtain  an  active  extract.  The  solutions  of  the  enzymes 
readily  undergo  fermentation  and  putrefaction,  and  lose  their 
activity.  It  is  essential,  then,  to  ensure  the  preservation  of  their 
activity  in  solutions,  that  some  antiseptic  be  employed.  The 
most  suitable  antiseptics  for  this  purpose  are  chloroform  (i  in 
200),  thymol  (5  per  cent."),  salicylic  arid  (i  per  rent.),  and 
alcohol  (15  to  25  per  cent.).  In  order  to  distinguish  between 
the  soluble  enzymes  and  an  organized  ferment,  tt  is  l>est  to 
carry  on  the  digestion  in  the  presence  of  chloroform,  which  is 
inert  toward  an  enzyme,  btit  inhibits  the  growth  and  activity  of 
organized  ferments.  Sodium  fluoride  { 1  per  cent  )  entirely 
checks  the  growth  of  the  organized,  but  is  without  action  on  the 
soluble  ferments. 

Diastase,  or  Maltin,  is  the  ferment  formed  from  the  gluten 
in  the  cereal  grains  at  the  lime  of  sprouting.  Its  chief  object  is 
the  conversion  of  starch  into  dextrin  and  maltose.  Ptyalin  of 
saliva,  and  pancreatic  diastase,  if  not  identical  with  vegetable 
diastase,  act  in  exactly  the  same  way  for  a  time,  but  the  prolonged 
contact  of  these  ferments  changes  the  maltose  to  glucose,  while 
malt  diastase  does  not.  They  all  act  upon  cooked  starch  with 
great  rapidity,  but  have  a  very  ^low  action  u|>on  raw  starch.  The 
process  is  one  of  hydration,  and  the  action  is  similtr  to  ihat 
which  t.(kes  pla<  e  when  ddutc  sulphuric  ae  id  is  IxJiled  with  starch 
or  cellulose.     When  water  is  added  to  H,SO^  ii  [»robabIv  forms 
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H«0,S,(H,S0j-2lI,0)  or  onhosulphuric  acid.  This  acid,  when 
boiled,  tends  to  j)art  with  a  [wrtion  of  its  water,  and  if  starch  or 
other  easily  hydrated  com|jound  be  present,  it  imiKirts  this  water 
to  that  body,  in  the  nascent  state,  so  to  speak.  Dia.stasc  acts 
upon  the  starrh  at  ordinary  tenif  craiiirea,  in  the  same  way  that 
H,SO,  does  at  a  higher  tem|>eralure.  Tlic  first  effect  is  to 
thoroughly  liquefy  the  starch,  then  convert  it  into  dextrin,  and 
finally  the  dextrin  into  maltose.  The  most  prol*ablc  explanation 
of  how  the  change  is  effected  is,  that  tlie  enz}  me  combines  with 
the  starch  to  form  a  comiwund  which  reacts  with  water,  and 
splits  up  into  two  simpler  comj«:)vinds — the  one  a  hydrate  of  the 
starch,  and  the  other  the  original  en/yme  itself. 

Extracts  of  Malt,  as  met  nnth  in  the  market,  are  infusions 
of  malted  barley,  sometimes  containing  dextrin,  malt  sugar,  and 
dextrose.  The  bitter  non-saci:harine  **  malt  extracts'*  of  the 
market,  as  a  rule,  contain  little  or  no  diastase,  and  are  simply 
weak  Iteers,  or  infusions  of  malt, 

A  solid  extract  is  now  produced  extensively,  by  evaporating 
an  infusion  of  malt,  generally  in  a  vacuum  at  a  low  temjjeratnre. 
It  should  have  a  light  color  ;  the  taste  should  be  peculiarly  sweei 
and  the  odor  pleasant.  The  solution  in  nine  jjarts  of  water  should 
l>e  only  sli^^htly  turbid, .and  should  j^ive  an  abundant  precipitate 
a  few  minutes  after  being  mixed  with  an  equal  volume  of  i>icrit 
acid.  The  insoluble  matter  should  appear  under  the  microscope 
as  amorphous  toagiila  and  hfxagonal  prisms.* 

The  amount  of  starch  that  a  given  weight  of  diastase  can 
transform  is  variously  stated  at  from  2,000  to  100.000  times  its 
own  weight,  which,  however,  seems  to  be  a  fixetl  quantity  with 
any  given  sj>ccimen  of  diastiise.  The  rapidity  of  its  action  seems 
to  depend  u|X)n  the  relative  proportions  of  starch  and  ferment 
l)resent.  Wlien  the  ferment  is  present  in  large  quantity,  the 
action  is  very  rapid,  almost  instantaneous;  while  if  it  is  small  in 
proportion  to  the  starch,  it  is  slower  in  action.  Diastasic  ferment 
does  not  exist  in  the  sidiva  and  f»ancreatic  juice  ol  infants, 
previiius  to  the  sixth  or  stvenlh  month,  in  sufficient  quantity  to 
digest  much  starch.  The  digestive  i)ower  varies  greatly  in  differ- 
ent infants. 

The  Diastasic  Value  of  Malt  Extracts  ani  Pancreatic  Extracts. — 

The  method  of  ticlennining  Ihe  (Jiobtapic  value  of  mall  extracts  ami  of  pan- 

*  Recently,  a  diastase  of  veryhigh  digestive  power  has  been  prepared  hylhe 

action  of  a  special  ferment  grown  on  wlicnt  bran.  'ITie  dia^itase  is  aAerwsrd 
".cpar-itcd,  by  treating  tlie  brnn  wilh  water,  and  precipitating  the  soliiliou  with 
alcohol. 
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creatic  extracts  ij>  u  frillow^:  A  one  per  cent,  solution  of  starch  mucilage  is 
employed.  Tliis  is  prepared  by  l)oiling  lo  grams  of  any  pure  starch  in  wnter, 
cooling,  and  nuUiing  up  lu  i  Uttrr.  Ten  c.c.  ofthi^  jilundiu'd  nmciUge  is  mixed 
in  a  beaker  with  90  c.  c.  of  water.  The  niixture  \s  then  warmed  to  about  40° 
C.  (104°  F.),  and  a  intMisured  amount  o(  the  malt  extract  or  pancreatic  extract 
is  added,  the  exact  time  of  adding  it  being  noteil.  At  short  intervals  a  drup  of 
the  mixture  is  placrd  upon  a  plate  or  while  slab  with  a  drop  of  a  diluted 
a(|ueous  solution  of  iodine.  As  long  as  starch  is  present  in  the  solution,  it  will 
continue  lo  give  a  blue  color.  When  all  the  starch  is  converte*!  into  erythro- 
dextrin,  a  pink  i>r  brown  color  is  produced.  When  all  the  crjthro-dextrin 
disappears  from  the  solution  no  color  is  produced  with  iodine.  This  ha5^  been 
icrmeil  the  achromic  point.  This  |K)int  should  \*c  reached  ut  the  end  of  not 
less  than  six  minutes,  in  order  Ihal  the  end  reaction  mny  be  determined  with 
sharpnc&s.  When  prolonged  l)cynnd  this  time  ihe  change  is  too  gradual  tu  be 
exactly  determined. 

In  the  statement  of  the  results  we  employ  the  rollowing  formuts :  D»*  x  — 

P  T 
in  which  S  —  the  weight  of  starch  employed;  P,  the  weight  of  pancreatic 
extract  or  malt  extract  employed  ;  T,  the  observed  time  from  the  addition  of 
the  malt  extract  to  the  achromic  point,  and  5  the  standard  time  in  minutes, 
ir,  for  example,  10  c.c.  of  the  starch  mucihige  was  taken  and  .1  grm.  of  a  pan- 
creatic extract  was  added,  and  the  lime  required  to  reach  the  achromic  point 

10       s 
was  3   minute?i,  the  above   H-rmuIa   would   become: — 1>  •»  —  x  —  =  i66.6 cc 

0.1  1 
of  the  starch  mucilage  changed  lo  the  achromic  point  by  I  grm.  of  the  extract 
in  5  minutes.  As  the  mucilage  solution  contain^  i  per  cent,  of  dr>'  starch, 
the  166,6  c.c.  of  this  solution  contains  1.666  grms.  This  mcUiod  is  e<)uaUy 
applicable  to  malt  diastase,  saltvarr  diastase,  or  pancreatic  diostose.  A  good 
dry  extract  of  matt  should  digest  its  own  weight  of  starch  in  twelve  minutes. 

Emulsin  or  Synaptase  occurs  in  sweet  and  bitter  almonds. 
It  tnay  be  extracted  by  digesting  the  almonds,  freed  from  fat  by 
pressure,  for  several  hours,  with  water.  The  filtered  bquid  is 
acidified  with  acetic  acid,  10  precipitate  ronglutin,  and  the  emul- 
sin is  then  thrown  down  with  alcohol,  filtered  off,  washed  with 
alcohol,  and  dried.  It  is  a  white,  friable  mass,  soluble  in  water, 
and  capable  of  converting  large  quantities  of  amygdalin  into 
stigar,  jirussic  acid,  and  benzoic  aldehyde  ;  it  also  converts  saliciii 
into  sugar  and  saligenin.  Its  aqueous  solution  readily  decom- 
poses, yielding  lactic  acid.  A  similar  ferment  has  recently  been 
found  in  certain  parasitic  plants,  by  which  they  are  able  to  decom- 
pose glucosides  found  in  the  bark  and  feed  ujwn  them. 

Myrosin  is  the  ferment  of  mustard. 

Pepsin,  contained  in  gastric  juice,  is  secreted  by  the  glands 
of  the  stomach.  It  may  be  sefiarated  from  the  other  constituents 
of  filtered  gastric  juice  by  dialysis,  as  it  does  not  diffuse  through 
membranes.  It  is  readily  pre|)ared  by  digesting  the  mucous  mem- 
brane of  the  |)yloric  end  of  the  stomach  of  the  pig,  first  with 
strong  alcohol,  and  after  twenty- four  hours  expelling  the  alcohol 
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by  pressure,  and  digesting  for  some  days  with  glycerin,  slignu 
acidified  with  hydrochloric  acid.     It  is  filtered  through  muslin, 
then  through  pajKr.  the  pe]>sin  precipitated  with  al>solute alcohol, 
collected  on  a  filter,  and  dried.     Other  methods  are  in  use. 

l*ei)sin  is  a  yellowish  or  grayish-while  powder,  soluble  in  water 
and  glycerin,  but  insoltihle  in  alcohol.  It  gives  few  of  the  albu- 
min reactions,  and  is  precipitated  by  the  acetates  of  lead.  When 
dry,  it  may  be  heated  to  iio*^  C.  (230°  ¥.)  without  losing  its 
activity,  but  its  solutions  lose  it  at  a  much  lower  iem|)craiure. 
Its  activity  is  greatest  at  about  40*^  C.  (104**  F.),  and  requires 
hydrochloric,  phosphoric,  lactic,  or  other  diluted  acid  to  de\'elop 
its  peculiar  action.  The  prtsencc  of  01  per  cent,  of  NaCl 
favors  its  action,  b\it  more  than  0.5  per  cent,  hinders  it.  Admix- 
ture of  bile,  carbolic  acid,  or  an  excess  of  alcohol  retard  or  en- 
tirely prevent  its  action.  Nearly  all  metallic  salts  diminish  the 
action  of  pepsin.  Calomel  is  an  exception  to  this  rule,  as  arc  also 
arsenious  and  arsenic  acids.  Many  of  the  alkaloidal  salts  have  a 
retarding  efft-ct,  but  the  chlori<lcs  have  less  than  the  sul|)hates. 
Sugar  ha.s  a  retarding  action.  Sodium  salicylate,  antipyrin,  anii- 
febrin,  paraldehyde,  and  thalliti  itiid  to  stimulate  the  action  of 
|)epsin.  Sodium  carbonate  quickly  destroys  it.  The  acid  of 
gastric  juice  is  mostly  hydrochloric  during  the  intervals  of  tliges- 
tion.  but  during  digestion  several  organic  acids  are  set  free  by  the 
hydrochloric  acid  from  the  acetates,  malatcs,  tartrates,  etc.,  taken 
with  the  food,  so  that  the  rtal  work  of  the  digestion  is  accom- 
plished with  the  aid  of  various  organic  acids  instead  of  hydro- 
chloric alone.  The  specific  action  of  pejjsin  is  the  change  of 
proteids,  whcihcr  coagniatcd  or  not,  into  peptones.  I'eptone  is 
scarcely  altered  by  putrefaction. 

The  jiroteolytjc  activity  of  pe]>sin  varies  greatly  according  to 
the  process  of  manufacture,  and  the  care  exercised. 

The  U.  S.  P.  requires  that  tht*  official  pepsin  shall  digest  ^,000 
times  its  own  weight  of  freshly  coagulated  and  disintegrated  egg 
albumin  in  six  hours,  when  tested  by  the  method  given. 

Valuation  of  Pepsin.  — The  digestive  value  of  jvefwin  is  a 
matter  uf  tun.siderable  importance.  The  method  of  the  U.  S,  P. 
requires  the  following  three  solutions: — 

(a)  To  294  c.  c.  of  water  add  6  c.  c.  of  diluted  HCl. 

(b)  In  100  c.  c.  of  solution  a  dissolve  c.067  grm.  (1  grain)  of 
the  pepsin  to  be  tested. 

(c)  To  95  c.  c.  of  solution  a,  l»rouKlU  Ui  the  temperature  40^ 
C\  (104°  F.)'  add  5  c.  e.  of  solution  b. 

Immerse  and  keep  a  fresh  hen's  egg  for  fifteen  minutes  in  boil- 
ing water.     Then  remove  and  place  in  cold  water.     When  cold. 
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separate  the  white  coagulated  albumin,  and  rub  through  a  clean 
sieve  having  30  meshes  to  the  linear  inch,  rejecting  the  first  por- 
tion passing  through.  Weigh  off  10  grms,  of  the  second  clean 
]X}rtian  place  in  a  flask  of  about  200  c.  c.  capacity,  add  J^j  of 
soUilion  c,  and  shake,  to  distribute  the  albumin  evenly  through 
the  lii]iiid.  Then  add  the  other  half  of  solution  c.  Place  the 
flask  on  a  water  balh,  and  keep  the  temperature  at  about  40°  C. 
(104*  K.)  for  six  huurs,  shaking  gently  every  15  minutes.  The 
albumin  should  have  disappeared  at  the  expiration  of  this  time, 
leaving  at  most  only  a  few.  thin,  insoluble  flakes.  The  relative 
proteolytic  power  of  pepsin  stronger  or  weaker  than  thatdescril>ed 
above,  may  be  determined  by  ascertaining  how  much  of  solution 
b  made  up  to  100  c.  c.  with  solution  a  will  be  required  toexactly 
dissolve  10  grras.  of  coagulated  and  disintegrated  albumin  under 
the  conditions  given  above. 

The  above  method  is  somewhat  cumbersome  and  tedious  and 
there  seems  to  be  no  fixed  relation  between  the  solution  and 
digestion  of  the  albumin.  A  better  method  is  the  following: 
Prepare  two  solutions :  — 

No.  I. — To  35  gnns.  of  the  wcU-rotxed  whites  of  severitl  eggs  add  enough 
dUlilled  water  to  make  exactly  350  c.  c.  Mix  well  and  boil  the  solution  lur 
5  minutes,  .\fter  cooling,  make  up  the  solution  to  the  original  volume  with 
water.  Thi*  soUition  contains  lo  per  cent,  of  egg  while,  or  alxiut  1.2a  grms. 
uf  dry  albumin  in  lou  c.  c. 

No.  2. — 1  grm.  of  the  pep&in  to  be  tested  is  dissolved  in  35  c,  c.  of  water, 
3  c.  c.  of  diluted  HCl  (u.  S.  P.)  is  added,  and  enough  water  to  make  the 
solution  up  to  50  c.  c. 

Procedure.^Measure  out  into  a  benker  or  boille  50  c.  c.  of  the  allnunin 
Kolutiun  und  wurro  on  a  water  Imlli  lo  al>uut  40*^  C.  (KH**  K.).  Add  to  this  3 
c.  c.  of  diluted  HCl  (U.  S.  f'.),  and  from  0.5  lo  5  0.  c.  of  the  pepsin  salulinn. 
The  more  active  Ihe  |>ep&in,  the  las  ihe  r|unritiiy  to  be  taken.  It  will  some- 
times be  necessary,  with  an  utiknuwit  pepsin,  to  make  a  pretiminaiy  le&t  to 
<lr!lrrmine  ihr  approximate  lime  rc:t^|uirt->d  Uy  Ihe  digestion,  as  it  is  best  (o  .so 
regulate  the  •{iianiity  uf  |K;|>bin  and  albumin,  thai  the  digestion  bbouid  be 
complete  in  a  little  less  than  2  hours.  Ihe  time  when  the  pepsin  is  added 
must  he  cftrefully  noted,  and  the  icmpernliirc  kept  at  about  35"  to  40°  C.  (95** 
to  104°  K).  At  intervals  of  10  minuter  draw  out  a  few  drops  of  the  solution 
with  an  •  rdin&ry  dropper  pipette,  and  float  it  ufxin  a  few  drops  of  pure  HNO^ 
in  a  narrow  test  tube.  Nolc  ihc  time  when  the  HNOj  ceases  lo  give  a 
cDOgidum  of  albumin,  or  when  the  albumin  disappears.  We  next  assume  the 
slaiiilard  lime  uf  3  hours,  the  average  time  of  »lnmach  tligestion.  The  relalioo 
t>etwccn  the  quantities  of  albumm  and   pepsin  is  expressed  by  the  fraction 

_  ^.  /.,  it  is  found  by  dividing  tite  amount  of  altxtmin  by  ibe  weight  of  (he 

|>epsin.  This  should  1>c  so  regulated  that  the  dige<tlion  is  complete  Ivlwcen 
3  and  3  hours,  in  order  lo  lie  cumjiamhle  with  the  U,  S.  1*.  mrili<Hl.     Kg^ 
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wbtic  conliins  about  fa. 2  per  cent,  of  dry  nibumin,  but  it  vviet  considerably] 
diffcreiil  e(»}^s,  fmm  10  to  14  per  cent.     This  n)el]it.>il  gives  aa  exact  slalement 
of  rciiulLft,  ic*-iuires  Ullle  i{  auy  sklU  in  rauDipuIation.  aiid  recjuirei  no  shaking. 
The  re«iills  are  uniform  when  the  lime  \i  alniul  from  2  to  3  hours. 

Trypsin  occurs  in  the  |wncrcatir  juice,  and  may  lie  extracted 
from  the  pancreas  by  a  process  similar  to  that  described  above  for 
|>epsin«  except  that  no  acid  is  used.  Thus  preixired,  pancreatin 
is  a  ytllowish-white,  amorphous  |>owder,  soluble  in  water  and 
glycerin,  but  precipitated  by  alcohol  It  possesses  the  pro|>eriy 
of  acting  upon  the  protcids  in  a  way  somewhat  .similar  to  pepsin, 
Uil  is  active  only  in  alkaline  solutions.  The  prancreatic  juice 
contains  a  ferment  called  steapsixi  or  pialyn,  which  is  noisohi- 
ble  in  glycerin,  and  is  destroyed  by  acids  and  alcohol.  It  emulsi- 
fies and  partially  saponifies  the  fats. 

A  part  of  the  pei>tone  at  first  formed  by  the  pancreatic  juice  is 
afterward  converted  into  tyrosin  and  Icucin.  The  di^ijestJon  of 
ihe  proteids  is  thus  begun  in  ihestomarh,  in  an  acid  medium,  and 
finished  in  the  small  intestine,  in  an  alkaline  medium.  There  is 
this  difiereiice  in  the  two  processes,  that  while  acid  |>e|>sin  readily 
liquefies  the  proteid  bodies,  it  does  not  completely  convert  them 
into  peptones  ;  this  tompletion  of  the  process  is  more  quickly  and 
completely  done  by  the  tryj)sin  (see  tmder  Albinnoses).  Tlie 
secretion  of  Peyer's  glands  converts  dextrin  and  maltose  into 
glucose,  but  does  not  affect  starch. 

The  diastase  of  the  pancreatic  juice,  also  called  amylopsin,  is 
identical  in  its  action  with  the  ptyalin  of  the  saliva,  and  malt 
diastase,  already  described.  Like  these,  it  converts  starch  into 
maltose,  but  it  acts  better  in  the  presence  of  bile  than  when 
alone.  The  method  of  determinating  the  diastasic  value  of  pan- 
creatic extracts  is  the  same  as  that  described  above  for  raalt 
extracts. 

Rennin,  or  milk-curdling  ferment,  is  found  in  the  extract  of 
the  pancreas.  It  is  not  so  abundant  in  this  gland,  however,  as  in 
ac|ueous  and  glycerin  extracts  of  the  mucous  membrane  of  the 
stomach. 

Nothing  is  known  of  the  chemical  nature  of  rennin.  Under 
the  name  of  rennet,  it  has  been  employed  for  centuries  to  coagu- 
late the  casein  of  milk  in  the  manufacture  of  cheese.  For  this 
purpose  it  is  usually  prepared  from  the  stomach  of  the  calf,  where 
it  exists,  in  the  form  of  renncn  zymogen,  which  is  converted 
by  standing  or  by  weak  acids  into  ror^nin  It  occurs  in  the  stom- 
achs of  both  children  and  adults.  It  lias  been  found  in  small 
quantities  tn  normal  urine. 
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Fibrin- ferment. — The  coagulation  of"  liaraglobulin  in  the 
formation  of  blood  clot,  is  now  tR'Ucved  to  be  caused  bya  special 
ferment. 

It  may  be  prepared  by  mixing  blood  serum  wilh  lo  to  15  vol- 
umes of  strong  alcohol,  allowing  it  tostand  14  days,  and  filtering. 
The  precipitate  contains  coagulated  proteids  with  the  ferment  ad- 
hering to  them.  The  ferment  may  be  dissolved  out  by  water. 
The  blood  in  circulation  does  not  contain  the  ferment,  but  it  is 
formed  by  some  change  after  the  blood  is  drawn  from  ihc  vessels ; 
probably  by  the  disintegration  of  the  white  cor|)iiscles  and  the 
third  cor|njscle,  or  blood  tablets. 

U  seems  to  be  a  globtilin-like  body.  There  are  other  globulins 
which  have  a  similar  action  in  the  formation  of  fibrin,  as  this  fer- 
ment. The  myosin  of  muscle  juice  is  especially  to  be  men- 
tioned as  one  of  them.  I'his  is  sometimes  described  as  muscle 
enzyme. 

Invertin  is  a  ferment  existing  in  the  intestinal  juice,  which 
has  the  ikower  of  inverting  cane  sugar;  i.e.,  it  converts  it  into 
dextrose  and  laevulose.  Of  its  composition  and  other  properties 
little  is  known.  Invertin,  or  a  substance  [wsseshing  the  same 
property,  as  well  as  a  diastatic  ferment,  is  found  in  ihe  liquid 
jKjrtion  of  bakers'  or  brewers'  yeast,  after  the  cells  have  been 
killed  by  alcohol.  While  alive,  the  cells  do  not  im[xirt  the  in- 
vertin to  the  solution.  It  does  not  affect  lactose,  maltose,  starch, 
or  gtmis. 

Histozym  is  a  soluble  ferment,  supposed  to  exist  in  the  blood, 
liver,  and  kidneys,  and  which  has  the  power  of  causing  a  variety 
of  reactions  within  the  body,  such  as  the  conversion  of  benzoic 
intohippuric  acid,  etc. 

Some  authors  have  described  certain  other  ferments  under  the 
name  of  microzimas,  which  act  as  active  chemical  and  physio- 
logical agents  in  the  body  during  life,  and  cause  its  decomposi- 
tion after  death.  They  ap|)ear  as  minute  molecular  granules,  and 
are  regarded  as  a  part  of  the  living  organism  by  some,  and  as 
distinct  organized  fennenls  by  others.  As  these  molecular 
granules  do  not  seem  to  undergo  reproduction,  and  arc  not  de- 
stroyed by  antiseptics,  it  seems  unlikely  that  they  are  organized 
structures. 

Papain  is  a  ferment  prepared  from  the  milky  juice  of  the 
paw-paw  tree.  It  is  a  white,  amorphous,  granular  j>owder.  It 
is  soluble  in  water  and  glycerin.  This  ferment  peptonizes  pro- 
teids very  rapidly,  the  end  product  l>cing  leucin,  and  coagulates 
milk.     It  acu  like  trypsin.     It  has  been  used  to  digest  the  mem- 
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brane  of  croup  and  diplithcria.  Hydrochloric  acid  lessens 
action,  OS  does  carbolic  acid,  but  theydonot  arreht  it.  It  can  act  in 
;in  alkaline,  neutral  or  feebly  acid  solution.  Under  the  name  of 
papoid  it  is  found  in  the  market  a.s  a  remarkably  active  digestive 
agent.     It  resembles  in  its  action  the  tryi>sin  of  pancreatic  fluid. 

Bromelin  is  the  name  given  to  a  proteolytic  ferment  of  pine- 
apple juice. 

It  ap[>ears  to  be  associated  with  a  peculiar  proteose-like  sub- 
stance. It  ads  u]x>n  fibrin,  albumin  and  myosin  to  produce 
proteoses  and  jieptones. 

Similar  proteolytic  ferments  have  l>een  found  in  the  juice  of  tlie 
fig-tree,  in  the  fruit  of  cucumis  uti/issi'mus,  a  plant  found  in 
India,  and  in  certain  seedlings  as  barley,  lioppy,  maize,  wheat, 
rye,  etc. 

ORGANIZED  FERMENTS. 

Somewhat  similar  in  action  to  the  preceding  group  of  fer- 
ments, are  certain  forms  of  low  vegetable  organisms,  which  arc 
known  as  organized  ferments.  These  organisms  vegctalc 
most  readily  at  temperatures  of  from  20"  (>.  (68°  F.)  to  about 
40"  C.  Cio4°F.),  Teriiperninres  above  or  below  these  limits  re* 
tard  their  j^'rovvth.  while  a  tenijKrrature  near  the  l)oiling  point 
entirely  destroys  their  aclivity.  A  very  minute  tjiiantity  of  any  of 
these  ferments  can  grow  and  exert  its  pecnbar  action,  as  long  as 
its  {leculiar  nourishment  lasts^  and  ]iroper  conditions  of  its  life 
are  maintained.  Organized  ferments  excite  chemical  chajigcs, 
as  the  direct  physiological  result  of  their  growtli.  They  are  all 
killed  by  hydrogen  y>eri>xide,  and  the  chemical  change  is  stopped 
by  it.  All  physiological  fermentations  in  the  organism  are  caused 
by  the  soluble  ferments,  while  pathological  fermentations  are 
caused  by  the  organized  ferments.  The  antiseptic  agents  are, 
as  a  rule,  antifermentatives,  check  the  growth  of  and  in  many 
cases  kill  the  organized  ferments.  (Seep.  166.)  The  changes  pro- 
duced by  the  enzymes  may  be  distinguished  from  those  protluced 
by  organized  ferments  by  the  addition  of  chloroform  or  sodium 
fluoride  (i  per  cent.j,  l>oth  of  which  check  the  growth  of  or- 
ganized ferments,  white  the  action  of  enzymes  is  not  interfered 
with. 

The  most  imjxirtant  of  the  ferments  of  this  class  are  yeast,  or 
alcoholic  ferment,  acetic  acid  ferment,  lactic,  butyric,  and  putre- 
factive fernienis.  With  the  exception  of  the  first  of  these  organ- 
isms, they  all  belong  to  the  bacteria  family. 

Yeast  (Torula,  or  Saccharomyces  cercvisiae)  consists 
of  one-celled,  globular  or  oval-shai>ed  microscopic  plants,  multi- 
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Ijlying  by  biulding.  Thfre  are  several  varieties  of  this  fungus. 
Ihe  princijul  action  caused  by  yeast  in  saccharine  Huids  is,  first, 
to  convert  the  s:iccharose  into  invert  sugar,  and  then  change  this 
into  alcohol,  cirbon  dioxide,  and  a  trace  of  succinic  acid  and 
glycerin.  The  spores  of  yeast  are  always  to  be  found  either  in 
the  air,  or  iijion  the  surface  of  fruit,  whence  they  finti  their  way 
into  the  solutions  made  from  their  juices,  which  expbins  the 
apj^rent  s[»onianeoiis  fermentation,  Invcrtin  accompanies  the 
growth  of  yeast.     It  has  the  |)Ower  of  inverting  cane  sugar.     (See 

!>•  549.) 

Acetic  Acid  Ferment  (MycodcrmaAccti)  occurs  usually 
in  the  form  of  chains  of  very  small  globular  bodies,  formed  by 
the  multiplication  of  the  cells  by  divisions,  al  right  angles  to  the 
line  of  growth.  It  belongs  to  the  bacteria  family.  It  grows  in 
alcoholic  solutions  containing  a  small  amount  of  albuminous  mat- 
ter or  ammoniacal  salts,  and  alkaline  and  earthy  phosphates. 
A  little  aceiic  acid  favors  its  growth,  as  well  as  a  free  supply  of 
air.  It  acts  by  causing  an  oxidation  of  the  alcohol  to  acetic  acid  ; 
when  this  change  is  complete,  the  ferment  dies  for  want  of 
nourishment. 

Saccharomyccs  Albicans  (Oidium  Albicans)  is  the 
ferment  which  is  found  growing  uix^n  the  mucous  membrane  of 
the  mouth  of  infants,  producing  the  disease  known  as  *'  thrush  " 
or  "sprue"  The  fungus  ap|>ears  as  while  i^atches  upon  the 
tongue  and  other  [jarts  of  the  mouth.  The  cells  are  globular, 
oval,  or  cylindrical,  and  occur  in  colonies  or  rows.  It  excites 
alcoholic  fermentation  but  feebly. 

Lactic  and  butyric  fermentations  go  hand  in  hand,  the  for- 
mer usually,  if  not  always,  preceding  the  latter.  They  thrive  l>est 
in  a  neutral  or  alkaline  medium,  and  grow  l>est  without  oxygen,  at 
a  temperature  of  35°  C  to  40^  C.  (95"  F.  to  104°  K. ).  These 
conditions  exist  in  the  intestines,  and  they  are  always  found 
there.  The  sul)stances  most  prone  to  these  fermentations  are 
sugars,  organic  acids,  soluble  proteids,  and  es|)ecially  mucus. 
The  products  of  the  fermentation  arc  lactic,  acetic,  and  butyric 
acids,  carl>on  dioxide,  and  free  hydrogen.  These  gases  distend 
the  bowel  and  often  produce  colic.  Any  excessive  production  of 
mucus  in  the  bowel,  greatly  favors  these  fermentations. 

The  growth  of  the  Bacillus  butylicus  furnishes  a  soluble 
ferment  which  has  the  ix)wer  of  inverting  care  sugar  and  slowly 
peptonizing  albuminoids,  but  it  does  not  hydroti/e  either  lactose 
or  starch. 

Urea- ferment. — When  urine  is  exposed  to  the  air,  its  acidity 
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;U  fiM  incTCiist-'s.  and  ihiii  diminishes  rapidly,  and  gives  way 
an  alkaline  reaction.  The  solution  is  then  fouiitl  to  contaii 
ammonium  carbonate,  formed  from  the  urea.  This  is  due  to  a 
hjdrolylic  change  resulting  from  the  growth  of  certain  micro- 
organisms, of  which  thw-best  known  is  the  torula  urese. 

Recent  investigations  seem  to  prove  iliai    these  organisms  aj 
not  the  only  agency  that  brings  about  this  change,  but  that  thei 
is  probably  a  soluble  enzyme  tha   assists  them,  or  may  even  peri 
form  the  conversion  without  the  presence  of  the  organisms. 

It  is  quite  certain  that  the  mucus  secreted  in  catarrh  of  the^ 
bladder  can  jirodnce  the  change,  as  it  takes  place  in  the  presence 
of  chloroform  and  of  sodium  fluoride.  If  a  urine  which  is  full  ofj 
torida  be  filtered  through  a  filter  that  allows  no  organisms  to  jkassj 
the  change  is  stopped.  Jf  it  be  treated  with  alcohol  before  fil- 
tering, the  filtrate  has  the  power  of  producing  the  change.  It  ihusl 
seems  that  the  alcohol  extracts  an  enzyme  from  the  tonila,  while 
water  does  not.  The  most  prolific  source  of  this  en/.yme  is  the 
mucus  of  cystitis. 

Putrefactive  Fermentation  is  caused  by  the  growth  of  vari-' 
oils  forms  of  l^acteria.  The  proteids  are  most  liable  to  putrid 
fermentation  This  fermentation  takes  plate  in  all  organic  infu- 
sions containing  proteid  matters,  when  exposed  to  the  air  ;  it  ato] 
occurs  in  the  small  intestine,  in  cases  of  consti])ation  or  in  som< 
forms  of  indigestion,  and  to  a  slight  extent,  in  the  normal  condi- 
tions. The  putrefactive  ferments  are  classified  into  aerobic  (those 
requiring  oxygen),  and  anaerobic.  The  first  give  a  little  gas, 
little  or  no  ammonia,  and  odorous  products.  The  second  class 
decompose  the  proteid  matters,  producing  at  first  hydrogen,  and 
a  little  carbonic,  acetic,  lactic,  and  butyric  acids.  Then  the  mat- 
ter becomes  strongly  alkaline  from  the  production  of  ammonia, 
with  escajx!  of  nitrogen,  ammonia,  hydric  sulphide,  and  complex 
phosphorous  com]>ounds.  At  the  end  of  some  days  the  mass  gives 
ofi"  almost  pure  C().^and  NH,,  and  there  goes  into  solution  a 
series  of  amins  and  amids,  among  which  are  amido-stearic  acid, 
leucin,  tyrosin,  caproic,  butyric,  and  ])almiiic  acids.  The  two 
last  predominate.  At  the  same  time  phenol.  skatoU  indol,  pyrrol, 
and  phenyl-acetic,  phenyl-propionic,  oxyphenyl  propionic,  skatol- 
carbonic,  and  skatol-acetic  acids  make  their  appearance.  Finaliv, 
more  or  les  poisonous  toxalbumins,  peptone,  and  ptomaines! 
ap|)ear.  These  products  do  not  all  appear  in  all  cases,  but  are 
modified  by  the  subs  ance  acted  u|)on,  and  other  conditions. 

Nitrifying    Ferment. — This    ferment   consists  of   certain 
microorganisms  fuund  in  all  soils  containing  organic  matter^  and 
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found  especially  abundant  about  the  rootlets  of  plants.  They  are 
also  found  in  surface  watere.  Their  function  is  to  convert  albu- 
minoitl  matters  and  ammonia  into  nitrous  and  nitric  acids.  They 
therefore  act  as  oxidizing  agents,  similar  to  the  acetic  ferment. 
It  is  l>v  this  agency  that  polluted  waters  dispose  of  their  nitroge- 
nous organic  matter,  and  purify  themselves. 

When  a  water  has  thus  purified  itself,  the  nitrogen  will  be  found 
in  the  form  of  nitrates,  or  nitrites  of  the  metals.  (See  Waier 
Analysis.) 

It  is  by  the  aid  of  these  organisms  that  plants  are  able  to  feed 
upon  albuminoid  matters  in  the  soil,  and  it  is  claimed  that  they 
can  fix  the  free  nitrogen  o(  the  air,  and  make  a  plant  food  of  it. 

Disease-Producing  Organisms. — The  organisms  of  the 
contagious  and  infei^iious  diseases  belong  in  this  class  of  organ- 
ized ferments.  'I'hey  are  believed  to  owe  their  i)eculiar  action  on 
the  body  to  the  peculiar  toxins  which  they  produce  while  multi- 
plying in  the  fluids.  In  many  cases  it  has  been  proven  that  the 
toxins  which  the  microl)es  secrete,  and  which  are  |jrecipitable 
with  alcohol,  are  the  active  agents.  When  injected  into  the  cir- 
culation, they  produce,  with  or  without  fever,  a  state  of  resistance 
to  the  growth  of  the  microbe,  or  its  effects,  called  immunity. 
(See  Toxins.) 

NUTRITION. 

As  has  already  been  stated,  animals  derive  their  nourishment 
from  the  vegetable  kingdom,  either  directly,  or  they  live  upon 
animals  who,  in  turn,  live  upon  a  vegetable  diet.  Foods  are  sub- 
stances which  are  required  for  the  nutrition  of  the  lx)dy.  It  has 
been  calculated  that  the  average  adult  man  loses  abotit  looo  grms. 
of  solid  matter  daily,  in  the  expired  air,  sweat,  urine,  fa:ces.  and 
other  excretions.  Food  is  necessary  to  replace  this  waste,  if  the 
body  weight  is  to  remain  constant. 

Nutrition  tikes  place  in  five  different  phases,  viz.  :  digestion, 
absorption,  assimilation,  destructive  metabolism,  and  elimina- 
tion of  waste,  or  excretion.  Digestion  is  the  process  of  con- 
verting footl  into  dialy/^blc  compounds.  Digestion  is  followed 
by  absorption,  that  is,  the  passage  of  the  products  of  digestion 
through  the  walls  of  the  alimentary  canal  into  the  blood  and 
lymph,  which  carry  the  absorbed  material  to  tlie  tissues.  The 
tissues  take  up  the  digested  and  al:>sorbed  material  fur  the  nutri- 
tion of  their  cells.  This  is  called  assimilation.  In  some 
cases  assimilation  is  delayed  by  the  storing  u|>  of  materials  for 
future  use,  such  as  the  storing  of  glycogen  in  the  liver  and  of  fal 
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FOODS  AND  DIET. 


Foods  are  aixtsvaof  varMiistnorg^Diicukd 
vtndi  axe  osiaaJljr  tensed  bj  the  pfajMlais>>^  projunfte 
oples.  The  chief  proximate  fviaciplcs  ci*  food  are  tbe 
a*  Che  chief  proximate  priocipies  of  tbe  body.  Tber  mmy  be 
cbaified  as  follows:  Warer,  metallic  salls^  procbds, gdaoooicK 
CM»  carbobfdrases,  aad  a  fev  oiber  less  iifottant  otsmnc 
etmtt'ittwnn  Thoe  ptonmate  prindpi^  do  mt  ocnv  lo 
Batmal  fioods  in  tbe  pore  state,  bat  are  mmed  in  wymg  pco- 
poniocH  in  tbe  different  foodL  It  is  neocmafy,  in  a  saiiaUe 
diet  for  man,  that  ail  these  above- mentioocd  pcommatr  prtnci- 
pies  fthoold  exist;  and  hence  «rc  find  tlxm  mixed  for  cae  in 
ntnral  Ibodk  In  milk  and  eggSf  far  rxamplr,  which  ftni  the 
exdosiTe  food-stnff  for  jroong  aniniaK  we  find  all  the  proximate 
priocples  mixed  in  soitable   proportions ;  hence.   the3r  are   &e- 

ndy  spoken  of  as  perfect  foods.  Eggs,  akfaoogfa  a  periect 
for  birds,  arc  not  quite  perfect  for  maminak^  as  they 
contain  too  little  carbohydrates.  In  regeiable  foods,  as  a  rale, 
tbe  carbohydrates  predominate,  and  are,  therefore,  necessarily 
mixed  with  fat  and  nitrogenoos  substances  in  the  form  of  anintal 
food. 

Diet. — A  healthy  and  suitable  diet  must  possess  the  following 
chiractcristics:  i.  It  roust  contain  the  proper  amount  and 
portions  of  tbe  various  [>roximate  priocipies ;  that  is,  of  protei 
fats,  carbohydrates,  salts,  and  water.  2.  It  roust  be  adapted 
the  age,  sex,  and  habits  of  the  individual,  and  to  the  climate.  3. 
It  most  not  only  contain  the  proi^er  proximate  principles,  but  the|r 
miisl  be  in  a  digestible  form.  4.  The  object  of  food  being 
nourish  the  tissues  and  repair  the  loss  due  to  destructive  mcta 
olism,  the  relation  between  food,  exercise,  and  excretion  mi: 
therefore,  be  properly  regulated. 
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In  the  consideration  of  diet,  it  h  usual  to  consider  chiefly  the 
ihree  proximate  principles,  carbohydrates,  proteids,  and  fats. 
It  is  necessary  that  these  three  ingredients  should  be  adjusted  so 
that  neither  should  he  in  great  excess  over  and  above  the  needs 
of  the  body.  The  projxjrtion  of  carbon  to  nitrogen  in  proteids 
is  about  as  15  to  53,  or  i  to  ^.s-  ^^  **  person  live  entirely  on 
proteid  food,  his  diet  will  contain  too  much  nitrogen  and  too 
little  carbon.  If  he  live  entirely  upon  carbohydrates,  he  would 
not  get  sufficient  nitrogen  lo  nourish  the  tissues.  The  fats  and 
carbohydrates  taken  togetlier  are  sometimes  called  the  non-nitro- 
genous foods.  In  carlwhydrates  the  H  and  O  exist  in  the  pro- 
portion to  form  water.  We  may  regard  the  H,  therefore,  as 
completely  burned  in  his  body,  and  not  available  for  combus- 
tion or  the  generation  of  energy,  the  carl>on  alone  being  avail- 
able for  that  purpose.  Fats  contain  much  less  O  in  proportion 
to  their  carbon  and  H  than  do  the  carbohydrates ;  they,  there- 
fore, generate  more  heat  in  their  complete  oxidation  than  the 
latter.  It  is  found  that  animahi  thrive  best  on  diets  which  supply 
them  with  the  bulk  of  their  carbon  from  both  fats  and  carbohy- 
drates. The  diet  wliich  man  constructed  for  himself,  long  be- 
fore theories  explained  why  he  did  so,  contained  both  carbohy- 
diates  and  fats.  Again,  the  foods  which  nature  has  provided  for 
growing  animals,  in  the  shape  of  milk  and  eggs,  contain  fat,  the 
carbohydrates  and  proteids.  From  this  it  would  be  inferred, 
that  all  three  of  these  constituents  are  essential  for  the  proper 
nourishment  and  growth  of  animals. 

Dynamic  Energy  of  Foods. — Heat  and  muscular  [xiwer, 
or  dynamic  energy,  is  one  of  the  important  offices  of  all  food. 
The  general  result  of  the  chemical  changes  going  on  in  the  body, 
sometimes  termed  metabolism,  is  chiefly  an  oxidation  process. 
The  oxidation  of  organic  matter  always  develops  more  or  less 
heat  energy.  Heat  and  muscular  jwwer  are  convertible  in  the 
body,  and  articles  that  protluce  heat  produce  also  muscular 
energy. 

Energy  ib  UbU»lly  reckoned  cittier  in  lerms  of  work  done,  or  or  its  equivalents 
in  heal  utiils.  The  uni(  of  work  n  the  fuot-pound  or  focit-ton  in  English 
ineature,  ur  the  gram-meter  or  ktlc^am-meter  in  the  melric  system.  I'he 
heu  unit,  or  calorie,  is  the  imount  of  heat  necessary  to  rBi»e  the  temperature  of 
one  ki)o|p-ani  of  water  fmm  zero  lo  l**  C,  In  English  measures  a  tbcrnial  unit 
is  the  amount  of  heat  neceuary  to  raise  I  pound  of  water  from  o  to  i"  C* 


*  A  llienual  unit  \»  yinietiines  taken  as  the  heat  necessary  to  raise  one 
l>ound  of  water  1°  K.  A  »mn|]er  calorie  i^  sometimes  used,  which  is  the  heal 
reijuired  to  raise  1  gnu,  of  water  l^  C. 


ployed  for  determining  the  hcaC  of  combustion  of  bodies,  Fig. 
Cy;^,  consists  of  a/essci  biirrouiidfd  by  a  known  weight  of  water, 
and  in  which  the  substance  isbnrned  with  oxygen.  The  heat  is 
communicated  to  the  surrounding  water,  and  the  rise  of  tempera- 
ture of  the  water  is  carefully  measured  with  a  thermometer.  It 
is  called  a  calorimeter.  The  sitlistance  to  be  burned  is  placed 
in  the  combustion  chamljer,  /r.     'I'his  chamlier  is  suspended   in 
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the  larger  vessel  L,  filled  with  water,  which  completely  surrounds 
the  combustion  chamber.  The  vessel  containing  the  water  is 
surrounded  with  a  layer  of  non-conducting  material,  Af,  and  then 
put  inside  of  a  larger  vessel  containing  water.  The  combustion 
chamber  has  three  tubes  i>assing  into  it;  it  supplies  air  to  support 
the  combustion  ;  a  is  an  olwervation  tube;  i/  is  used  to  conduct 
gases  wlien  these  are  to  l>e  burned,  and  ,;>•  leads  out  the  gases  pro- 
duced by  the  combastion,  and  is  made  to  traverse  the  water 
through  a  long  distance,  so  as  to  cool  the  gases  thoroughly.  A 
weighed  quantity  of  the  substance  can  be  burned  in  the  calori- 
meter, and  the  heat  produced  is  estimated  by  noting,  by  a  deli- 
cate thermomf^ter,  the  numlier  of  degrees  in  temperaturcj  the 
known  weight  of  water  in  the  instrument  is  raised.  By  means  of 
the  calorimeter  we  are  able  to  determine  the  amount  of  heat  pro- 
duced by  the  combustion  of  the  food  or  food  constituents. 
The  following  are  some  of  the  results  obtained  in  this  way  :  — 

Namb  op  pHixcirt^.            i'oi'xiw  op  Watbic  PorwDs  Raishd  i  Ft. 

RAi!(itp  1°  F.      Cauiribs.  Htcit  (Foot  Lns.). 

lo  grs.  glucose 8.42  ^=  3.79  6500 

lOgrs.  milk  sugar 8.63  =  3.88  6651 

10  gr*.  lump  sugar,     ....    8. 61  =  3.86  ^^647 

logrs.  arrowrooC,   .....  I0.6    =  4.77  7766 

10  gR.  butter, .   .....    .18.60=  8.37  14431 

logrs.  beef  fat, 20.9I  =  9141  I^^.H^ 

These  numbers  were  obtained  with  the  respective  foods  in  the 
natural  state.  When  absolutely  dry,  fat  is  found  to  give  2.5 
times  as  much  heat  as  starch  or  sugar. 

The  following  proximate  principles,  when  burned,  give  the 
following  amounts  of  heat  and  work:  — 

Cai-okibm.  FuOT-rom.     Kium.kam-mktbks. 

Per  gram.  I^r  ounce. 

Protcid,     ...    4.2  116.26  6.4  17S7 

F*t 9-3  263.70  14.2  3957 

Carbohydrate,  .    4.1  116.25  ^O  >744 

Dr.  Rubner  obtained,  by  com]>arative  feeding  experimcnis 
upon  animals,  and  with  the  calorimeter,  the  following  figures. 
Taking  the  thermotic  value  of  fat  at  100,  he  found  that  to  give 
the  same  amount  of  heat  it  required  :  — 

Uv  FRButMCi  Ex(>mtHiiMr<t.  Dv  CAtoNiMrricK, 

Myosin, 335  part».  213  ports. 

L«ftn  meat 243    "  235     " 

Starch, 232    **  339     " 

Cane  sugar. 234     '*  ^35     " 

Crape  sugar. 256     "  255     *' 

That  is,  I  gram  of  fat  gives  the  same  amount  of  heat  as  3.25 
grams  of  myosin,  or  as  3.56  of  grape  sugar.     From   these  or 
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similar  experiments,  it  is  possible  to  arrive  at  a  definite  estima- 
tion of  the  i)otential  energy  produced  by  foods.     It  has  been 
found  that  the  heat  value  of  proteids,  when  completely  burned, 
is  equal  to  that  of  carbohydrates,  and  is,  therefore,  a  little  less 
than  one- half  the  value  of  fat,  as  heat-producing  agents.    It  must 
be  remembered,  however,  that  there  is  this  difference :   that  lean 
meat  has  for  one  of  its  chief  offices  the  building  up  of  tissue  and 
repairing  waste.     We  do  not,  therefore,  obtain  all  the  possible 
heat  and  muscular  power  from  it,  as  we  do  from  the  carbohydrates 
and  fats.     About  one-third  of  its  heating  iX)wer  remains  in   the 
urea  which  is  formed  from  it.     In  accurate  experiments  in  feed- 
ing the  human  body,  it  has  been  found  that  the  proteids,   fats, 
and  carbohydrates  replace  one  another  in  almost  the  exact  pro- 
portion of  their  heats  of  combustion,  when  the  person  experi- 
mented  with   is  in  a  state  of  idleness.     The   following   table, 
arranged  by  Frankland,  gives  the  force  produced  by  i  gram  of 
the  common  articles  of  food  :  — 

I  FOKCH-PROUUCING  VaLUU. 


Pkhchnta<;e 
OF  Wathh. 


Cod-liver  oil,  . 
Beef  fat,  .  .  . 
Butler,  .... 
t'heshire  cheese, 
Oatmeal,  .  .  . 
Flour,  .... 
Pea-meal , .  .  . 
Arrow-root,  .  . 
Ground  rice,  . 
Yolk  of  egg,  . 
Cane  sugar,  .  . 
Hard-boiled  egg, 
Bread  crumb,  . 
Mackerel,  .  . 
Lean  beef,  .  . 
Potatoes,  .  .  . 
Whiting,  .  .  . 
White  oi  egg,   . 

Milk 

Apples, .... 
Cabbage,  .    .    . 


24.0 


470 


62.3 
44.0 
70.5 

70.5 
730 
So.o 

87.0 
82.0 
88.5 


I  n 


In 

Calokies. 


In  Kilogram- 
meters. 


9.107 
9.069 
7-264 
4.647 
4.004 
3.936 
3-936 

3.813 

3-423 

3-348 

2.231 

I.7S9 
"-567 
I.OI3 
0.904 
0.671 
0.662 
0.660 
0.434 


[Wheu  Burnt  When  Burn! 
:  in  Oxygen.  '  in  the  Body. 


3857 
3841 
3077 
1969 
1696 
1669 
1667 

1657 
1615 
1449 

1418 
1009 
945 
758 
664 
429 
383 
284 
2  So 
280 
.184 


3857 
3841 
3077 
1846 
1665 
1627 
1598 

1657 
1591 
1400 
I4<8 
966 
910 
683 
604 
422 

325 
244 
266 

273 

178 


FOODS    AKD    DIET. 


559 


The  following  table  gives  the  calorific  value  of  loo  grammes 
and  of  I  ounce  avoirdii[)ois,  and  will  l)e  found  useful  in  calculat- 
ing dietaries:  — 

Cai-orific  Value  i>f  loo  Cms.,  and  i  Oz.  of  Some  Standard 
Fuuus  (jUrgensen). 

Caldkirs. 

Per  icu  gmt.  Per  ox. 

Whole  milk 67.5  19.3 

Sktm  milk, 39-Sk  11.3 

Cream 214.7  61.34 

Buttermilk, 4156  IX.8 

One  eg^, 80.  3^9 

Buttered  egg:, 187.6  $3.6 

Wheat  bread. 281.  80, 

Wheat  bread  (loftsted) 258.8  74. 

Zwieback  (wheat), 35?.^  100.2 

English  biscuit 419-9  '^9-9 

Cakes, 374.  107. 

Batter 814.  231. 

Beef  (raw) 118.9S  33-5 

Beef  t broiled), 213.6  61  I 

Beef  (Ixiilcd), 209.  60. 

Veal  cullcii  (rawj ,    .     142.45  40.7 

Veal  cutlets  (broiled), 230.5  65.9 

Chicken  breast  (rnw) 106.4  30.4 

Pigeon  (rnwi, 99.7  a8^8 

Calf  brains  (raw), 140.  40. 

Carp  (raw), 93.  26.57 

Flounder, 100.6  28.74 

Salmon, 133.3  35-*3 

Sole 95.2  27.2 

Troot, 106.4  304 

Potato  bread  (witli  butter) 1374  36.4 

SpiiJKh, 165.65  47.33 

Carrots, 41.  11.7 

Bean  soup 193.  SS-H 

Green  peas, 318.  62,3 

Asparagus, 18.5  5.5 

Oac  meal, 288.5  82.4 

Macwoni, 352.6  100.7 

Omelet, 236.7  67.62 

The  calorific  value  of  any  food   may  be  calculated  from  its 

proximate  composition,  liy  multiplying  the  per  cenL  of  proteid, 
fat  and  carlvohydrate,  Ijv  the  auiount  of  heat  develoi)ed  by  i 
gramme  or  1  ounce  of  each,  and  adding  together  these  products 
As  jHircenttge  represents  parts  in  100,  the  above  calculation  will 

give  the  heat  to  be  obtained  from  100  grms.  or  100  ozs,  accord- 
ing as  the  factors  for  i  grm.  or  i  oz.  were  used. 
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Diet  Tables. — The  proper  construction  of  the  diet  for  man 
has  been  made  the  subject  of  a  great  deal  of  investigation,  and 
is  a  matter  of  considerable  importance.  The  attempt  has  been 
made  in  various  ways  to  determine  the  necessary  daily  diet  of  a 
man  under  dilTerent  conditions.  Moleschott  fixed  the  following 
daily  diet  for  a  man  performing  a  moderate  amonnt  of  work  :  — 

Food.  NlTKr>CBM  Cakboh 

IN  Gkms.  in  Grms. 

120  grms.  (  4.23  oz.)  pruteid,  containing  ,    .    .  l8.88  64.18 

90     "       (  3.17  oz.)  fat,  *'  .    .   .    o.  70.20 

330    "       ( 1 1 . 64  07. }  carbohydrates,  containing   o.  I46.82 

Total 18.88  281.20 

Total  in  grains, ^9^-^3  433^.2 

Ranke,  by  exi)eriments  upon  himself,  determined  upon  the 
following  as  the  necessary  daily  diet : — 

NiTKtHiFN  CaKBCiN 

IN  Grms.  in  Grms. 

100  jjmis.  protcids,  containing 15,5  53 

**        "fat,  "  o.  79 

250     "      carbohydrates,  containing o.  93 

Total, 15.5  225 

Total  in  grains,     .    .    .  239.  3469.5 

Dr.  K.  Smith  gives  as  a  fairly  sustaining,  or  famine  diet : — 

CaRHON.  NiTKIKiKN. 

For  an  adult  man,    . 4300  grs.  200  grs. 

'*     "       "     woman 3900  *'  '**<>   " 

The  avera<;e  adult  requires, 4100   •*  I92   '* 

An  adult  in  i<ik'nt;».s  requires  of  nitr<^enous 

food  2.67  o/-.,  and  of  carlwnaceous  food 

19.(11  o/.,  which  equals 3816    "  180   " 

Kor  sliort  oidinaiy  labor  4.56  oz.  nitrogenous, 

29.24  oz.  carbonaceous,  which  equals  .    .  56SS   "  307    " 

Active    lalx)r,    5.81    oz.    nitrogenous   food, 

34.97  oz.  carl >onaceous  (ood,  or    ,         .    .  6S23    '*  391    " 

Playfair,  Ranke,  Ik-igel,  Vogcl.  and  others  give  the  daily  aver- 
age of  N  for  average  labor  as  252  grs..  and  at  rest  171  grs. 

The  following  table  gives  the  amount  of  food  which  will  con- 
tain the  average  daily  needs  of  the  human  body,  according  to 
Molcschott's  estimates:  — 
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WucHT  OF  Food  wiiich  Coittaims 

Food.  xtoicnns.  of  proceiiL  4m  crms,  of  noii-pruteiil 

(90  of  fat,  330  of  carbohydrates). 

Chcwc 350  grms.  1550  gnns. 

Lenlils, 453  "  693  '* 

Peas, 537  "  7^4  " 

Heef, 566  ••  1945  •' 

Jlens*  eggs, 893  '*  776  " 

Wheal  bread 133a  **  543  '• 

Maize 1515  "  643  " 

PoUtoes, 6000  "  1751  " 


The  following  table  gives  the  results  arrived  at  by  different 
investigators,  as  to  the  necessary  daily  amounts  of  the  three 
proximate  jtrinciples  demanded  by  adults  in  different  conditions, 
with  the  calories  generated  by  th?se  quantities.  To  convert  this 
last  column  into  the  equivalent  in  work  it  is  only  necessary  to 
mii![i|ily  th:;  number  of  calories  by  3077  to  reduce  it  to  foot- 
pounds, or  by  1.539  ^^  S^^  foot-tons:  — 
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Sutdier  in  peace,    .    ,    .  , 

*•            light  icrrice,  . 

"          in  the  field.  .  . 

Laborer, 

•'       in  idleness,  .    ,  , 

Carpenter  (40  years),   .  . 

Young  phy^cian,  .    .    ,  , 

(»  *• 

•    •    *    • 

Laborer,  lemiDt 

Engluh  smiOi, 

'*  priic  fighter,.  .  , 
Wood-chopper  (Bavarian) 
laborer  (.Silesian),  .  ,  . 
Seamstress  (linden),  .  . 
Soldier  in  peace 

"  war 

Average  population  (Paris) 

48 


Fko- 

Fat. 

Cakbo- 

TKtOS. 

HVD'-ra. 

119 

40 

539 

117 

35 

447 

146 

44 

504 

130 

40 

550 

«37 

72 

352 

>3' 

68 

494 

127 

89 

3di 

«34 

lO] 

292 

»3J 

95 

421 

176 

7t 

666 

388 

88 

93 

».« 

308 

S76 

80 

16 

55* 

54 

^9 

292 

130 

40 

551 

146 

59 

557 

"5 

4» 

S3A 

AOTHOII. 


2784  'Playfair, 

2424    Hildesheim. 

2852 

2903    Moleschott. 

2458    Peiicnkofer  &  Voit 

2835  'Forster. 

2602 

2476 

3902 

3783    Playfair. 

2rH9 

5589  Xiebig. 

2518    Meinert. 

1688    Playfair. 

2900  '  Kamraersteo. 

3250  I 

2219  jGauticr. 
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American  Dietaries  (Expressed  in  Pounds  AToirdapois). 


Family  of  carpenters,  .  . 
'*        glajis- blowers,  . 

Operatives  in  cotton  mills, 

^^  ell-paid  machinists,  .    . 

Average  of  20  dietaries  of 
wage-earners  ^Mass.  and 
Conn), 

Average  of  5  dietaries  of 
college  students  and  pro- 
fessional men,  Middle* 
lown,  Conn., 

Itrickmakers.at  hard  work 

Standard  dietary  in  Mass. 
and  Conn,  with  moder- 
ate work 

Standai  d  for  haid  muscular 
work 


Pko- 


Fat. 


0.25  I   0.28 

0.23  I  0.29 

0.29  0.44 

0.23  0.44 


0.34 


0.27 
0.40 


0.28 
0-39 


0.50 


0.34 
0.81 


0.28 
0-55 


Carbo 
uvu'te. 


0.76 

1.06 

1. 21 

0.84 


.38 


Calor- 
ies. 


3.055 

3.590 
4.650 

3.490 


5.275 


1.08      3.925 
2.54   !«.85o 


0.99   I  3.520 
«.43   i  5.700! 


Atrnum. 


Atwiiter. 


Taking  tlie  figures  in  the  last  column,  rejecting  those  which  are 
exceptionally  high  or  low,  we  find  that  the  average  Euroi>ean 
dietaries  give  about  2800  calories,  and  the  average  American 
dietaries  give  about  3500  calories. 

Calculation  of  Daily  Dietaries. — From  the  data  above 
given  it  is  an  easy  matter  to  arrange  a  mixture  of  foods  to  give 
the  necessary  daily  energy  demanded  by  persons  in  any  desired 
condition. 

This  is  an  important  matter  to  the  physician,  as  he  is  frequently 
called  upon  to  arrange  dietaries  for  prisons,  asylums,  soldiers  and 
other  collections  of  individuals.  It  is  frequently  desirable  to 
l)rei)are  a  dietary  for  the  purpose  of  increasing  or  diminishing 
Hesh  or  in  the  treatment  of  certain  diathetic  diseases.  We  will 
give  an  example  of  the  method  of  calculating  a  diet  table  to  con- 
sist of  beef,  bread,  butter,  oatmeal  and  potatoes,  and  to  furnish 
approximately  3500  calories  of  heat. 

Iteef  {weighed  raw) 14  oz.  ^^    469  calories. 

Wheal  bread, 20"  1800       ** 

liutter 3    "  693       " 

Potatoes, 10    '*  235       ** 

Oatmeal, 3    **  247       " 

Total, 50  oz.  ^  3,444       " 
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We  may  reduce  any  one  of  these  articles  and  replace  it  by 
another  article.  Suppose  it  be  desired  to  reduce  the  meat  by  2 
ounces,  and  replace  it  uith  sugar.  The  12  outlet's  of  beef  would 
give  402  calories.  The  difference,  469 — 402^.67  cal  ,  must  be 
replaced  by  sugar  giving  116.25  cal- per  oz,  67.^-116^=0.5802. 
of  sugar  required  to  replace  2  ounces  of  raw  beef. 

The  following  is  a  dietary  devised  by  Austin  Flint,  and  adopted 
by  the  New  York  State  Commission  in  Lunacy,  and  used  in  all 
the  state  hospitab: — 

Daily  Ration. 

Caloribs. 
Meat,  with  bon«,  including  &a!ted  meats,  fresh  and 

salted  fiikh,  and  poultry, .  12  01.  450 

Flour,  to  L>c  used  in  making  bread  and  id  cooking 
(may  in  part  be  subsUluted  by  corn  meal  and 

macaroni;, 12  "  1233 

Potatoes, 12  *'  240 

Milk 16  "  325 

One  egg 2  "  80 

Sugar , 2  "  230 

liutter, 2  "  450 

Cheese, I  "  1 30 

Rice,  bominy  or  oatmeal,  . 'i  "  '73 

Deans  or  peas  {dried), 'i  "  15^ 

Coffee  (in  tlie  berry  and  roasted)| ^  ** 

Tca^black), J  •' 

Approximately, 34^' 

We  have  discussed  the  dynamic  value  of  foods  largely  as  to  the 
amount  of  heat  produced  by  their  combustion.  Muscular  energy 
is  derived  from  the  conversion  of  this  heat  into  dynamic  energy. 
It  is  easy  to  calculate  from  the  heat  generated  by  a  foo<J,  the 
muscular  power  it  will  produce.  We  have  but  to  multiply  ihe 
number  of  calories  by  3077.6  to  get  theeijuivalent  in  foot-(>ounds, 
or  by  425  5  to  get  the  equivalent  in  kilogram-meters. 

l(  we  lake  the  Euro]>ean  estimate  for  adults  not  doing  work,  as 
2400  calories,  we  calculate  the  equivalent  in  work  as  [,020,000 
kilogram-meters  or  3670  foot-tons.  For  ordinary  work  the  heat 
required  is  estimated  at  28oocalones.  1,200,000  kilagrum-melers, 
42S0  foot-tons,  or  8,562,400  foot-|Kiunds.  'I'aking  the  American 
estimate  for  ordinary  work  of  3500  calorics,  wc  calculate  theeijuiva- 
lent as  1,488,250  kilogram-meters  or  10,771,600  foot-pounds. 

It  must  not  be  supposed  that  all  the  work  repre«;nted  by  these 
figures  can  be  [iroduced  by  a  man  by  using  the  above  diets. 

A  considerable  i^artof  thecr.ergy  ofthcfood  is  used  up  by  the  work 
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of  the  heart  and  lungs,  and  necessary  muscular  movements,  and  a 
part  is  lost  by  radiation  of  heat  from  the  surface  of  the  body,  and 
a  part  is  lost  with  the  breath,  perspiration,  urine,  and  faeces. 

McKendrick  puts  the  amount  of  work  done  by  a  laborer  in  8 
hours  as  125,000  kilogram-meters,  or  904,125  foot-pounds.  The 
average  daily  amount  of  work  performed  by  laborers  is  about  i 
million  foot-pounds.  About  one-half  as  much  can  be  accounted 
for  in  other  work,  leaving  about  four-fifths  of  the  energy  of  the 
food  taken,  as  loss.  The  best  steam  engine  can  utilize  about  one- 
eighth  of  the  total  energy  of  the  fuel,  while  the  human  body 
gives  about  one-fifth  of  the  total  energy  of  its  fuel  in  the  form  of 
muscular  power.  It  has  been  estimated  by  Prof,  Gohren  that 
the  horse  may  transform  about  32  per  cent,  of  his  food  into 
energy,  an  ox  43  per  cent.,  a  man  53  per  cent.  These  results 
are  higher  than  those  of  most  other  otservers.  The  experiments 
by  Rubner  on  dogs,  show  that  they  use  the  fuel  with  great  econ- 
omy as  long  as  it  is  not  given  in  excess  over  the  needs  of  the 
body.  If,  however,  more  food  was  given  than  their  bodies  re- 
quired, they  stored  up  a  part  of  the  excess  as  fat  for  a  time,  but 
finally  reached  the  point  where  the  excess  was  all  wasted :  /".  ^., 
there  seemed  to  be  a  limit  to  their  storing  up  of  fat,  and  after 
that  the  excess  taken  was  thrown  away. 

COMPOSITION  OF  COMMON  FOODS.     Gauiier, 


Namk  of  Food. 


I'lesh  li'ithout  Bones: — 

Beef,  fat 

"     medium  fal,    . 


183 
196 
190 
218 

190 

3i8 
255 
100 


^^ 


-j|: 


"     salted, 

Veal, 

Horse-flesh, 

Smukcd  ham,    .    .    .    .    , 

I'ork,  sailed  and  smoked 
I'lesh  7i'i(/i  Ho»es  : —  | 

liecf.  fat I  156 

*'  medium  fat,  .  .  .  167 
"  slii^hily  salted,  .  .  175 
"     corned, 190 

Mutton,  very  fat j  135 

"        medium  fat,    .    .     160 

Tork,  fresh,  fat,    ....     lOO 
"      salt,  fnt I  120 


166  I 
98  I 
120 

80 

65  ! 

365  : 

660  I 

141 

83 
93  I 
100 

n^ 
160  I 

460  ; 


1      4 

s 

6 

I 

I 

lAllO 

3P 

fi£ 

u 

1:3: 

3 

Z 

s 

< 

i 

tf     1 

• 

3 

II 

640 

.  *     I 

•9 

0 

18 

t.ss 

.  .      1 

■  S 

0 

18 

672 

.  .      I 

.63 

0 

117 

sv^ 

.  .    I 

■53 

0 

13 

717 

,  .     1 

■42 

0 

125 

49^ 

.  .     I 

.20 

0 

100 

jSo 

.  .      I 

1.4^ 

0 

40 

[JO 

.    .       I 

6.60 

0 

9 

S4  + 

150  . 

.90 

0 

»5 

3'^5 

ISO      1 

•49 

0 

«5 

4,^ 

167      I 

.53 

0 

100 

-no 

iSo      J 

53 

0 

8 

4J7 

88      1 

2.46 

0 

10 

S20 

150      I 

I. 

0 

5 

3^5 

70        ! 

4.60 

0 

60 

200 

So      1 

4.50 

0 

666 
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The  Dig^estibility  of  Foods. — A  knowledge  of  the  digesti- 
bility of  foods  is  of  great  importance.  We  live,  not  upon  the 
food  we  cat,  but  upon  what  we  digest  and  absorb.  The  follow- 
ing table  gives  the  percent,  of  the  various  foods  usually  digested 
by  man : — 


Fuf>u  Hatrsials. 


Mrats  and  fish, 

I'-RRS 

Milk.  .... 
Itutter,    .    .    , 
Oleomargarine, 
Wheat  bread, 
Corn  meal,     . 

KIce 

Peas 

Potatoes,    ,    , 
Beets, .... 


Pkk  CsifTt  DicnriD. 


PROTBID. 

Tat. 

CAUOHTDRATm. 

l^ractically  all. 

791092 

ti          tt 

96 

88  to  too. 

93  to  98 

.   . 

98 

.   .   . 

96 

8 1  to  lOO. 

99 

89 

97 

«4 

99 

86 

96 

74 

.   .   • 

9a 

72 

82 

It  will  be  noticed  in  this  table  that  the  proteids  of  milk  are 
less  completely  digested  than  those  of  meats.  Children,  how- 
ever, do  better  than  adults  in  digesting  the  proteids  of  milk.  We 
must*  of  course,  in  considering  this  question,  neglect  the  idio- 
syncrasies of  various  people.  What  is  digested  by  one  is  oClen 
difficult  to  digest  bv  another.  Diseases  of  the  digestive  canal 
frecpiently  interfere  with  the  digestion  of  food.  Such  variations 
from  the  normal  cannot  be  taken  into  account  in  considering  the 
digestibility  of  foods.  In  the  table  on  pages  564  and  565  will 
be  found  the  proximate  composition  of  the  ordinary  articles  of 
diet. 

Circumstances  that  Affect  the  Digestibility  of  Foods 
— Source. —  The  proteids  of  animal  origin  are  more  easily  and 
completely  digested  than  those  from  the  vegetable  kingdom. 
The  same  may  be  said  of  fats.  We  know  in  regard  to  the  carbo- 
hydrates that  the  starch  from  one  plant  is  often  more  digestible 
than  that  from  another.  We  know  of  no  explanation  for  this. 
With  regard  to  meat,  some  kinds  of  flesh  are  more  easily  digested 
than  others  by  artificial  gastric  juice;  thus,  fish  is  more  difficult 
to  digest  than  meat;  white  flesh  is  more  digestible  than  dark, 
raw  beef  than  smoked. 
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Observations  made  in  cases  of  gfastric  fistula,  upon  the  time 
food  stayed  in  the  stomach,  have  shown  that  meat  remains  from 
two  and  one-haif  to  five  honnt,  the  most  digestible  being  lamb, 
beef,  mutton,  fish,  veal,  and  pork,  in  the  order  named.  Some 
starchy  foods,  as  rice,  barley,  tapioca,  remain  two  hours  or  less  in 
the  stomach,  while  others,  such  as  l>eans.  peas,  potatoes,  remain 
two  and  one-half  hours ;  white  bread  three  hours,  and  brown 
bread  four  hours. 

Bulk  or  Volume  of  Food. — A  bulky  food  throws  excessive 
work  on  the  stomach,  causes  discomfort,  and  all  |)arts  of  the  food 
cannot  so  well  come  in  contact  with  the  walls.  The  same  amount 
of  nutriment  in  small  space  is  more  easily  digested.  Oue  objec- 
tion 1(1  a  vegetarian  diet  is  in  the  fact  that  the  N  is  so  diluted  by 
insoluble  cellulose  and  imnecessary  starch,  that  large  volumes  of 
food  must  be  taken  to  obtain  the  requisite  fifteen  to  eighteen  grms. 
of  N  daily.  The  carl)ohydrales,  too,  are  apt  to  undergo  fermen- 
tative changes,  and  the  gases  so  formed  give  rise  to  flatuleuce  and 
discomfort. 

The  Reaction  of  Food. — As  a  nile,  food  should  l>e  slightly 
alkaline  to  excite  a  lluw  of  gastric  juice;  too  much  alkali,  how- 
ever, neutralizes  the  gastric  acidity  and  thus  hinders  digestion. 
Too  much  acid,  such  as  lemon  juice,  vinegar,  etc.,  may  diminish 
digestion,  and  ultimately  lead  to  serious  disorders  of  the  walls  of 
the  stomach. 

Cooking  of  Food, — The  cooking  of  food  is  not  always  a 
necessity,  although  it  serves  several  useful  pur|X)ses.  It  destroys 
fiarasites  and  the  danger  of  infection.  It  breaks  up  the  starch 
grains  in  vegetable  foods,  and  makes  them  more  e-isily  affected  by 
the  digestive  juices.  It  converts  the  insoluble  collagen  of  animal 
foods  into  soluble  gelatin,  and  disintegrates  the  connective 
tissue. 

Of  the  two  methods  of  cooking,  roasting  and  boiling,  the 
former  is  the  most  economical,  as  by  its  means  the  exterior  is 
coated  over  with  a  coagulated  coat  which  preserves  llie  flavor  and 
juices  of  the  interior.  Boiling  renders  Ihe  ])roteids  more  insolu- 
ble than  they  arc  in  the  raw  state,  but  this  is  counterbalanced  by 
the  greater  soltibility  of  the  connective  tissue. 

Artificial  Digestion. — It  is  frequently  found  necessary  with 
persons  of  feeble  digestion  to  partially  digest  the  food  before  it  is 
administered.  Artificial  gastric  Juice,  pancreatic  juice,  and  juices 
of  the  pawpaw  plant,  and  the  pineapple,  are  employed  for  this  ptir- 
pose.  The  food  to  l*e  digested  is  warmed  to  the  temperature  of 
about  40°  C.  (104°  F).     The  digestive  agent  is  then  added,  and 
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it  is  allowed  lo  react  for  a  time  limited  hy  circumstances.     In 

smh  IwkI  we  i>restnl  to  the  trnfeeMcd  stomach,  usually,  half- 
digested  foods.  In  tlie  ru.sc  uf  mruts,  (he  |}eptonization  is  seldom 
carried  be) end  the  formation  of  albimiose.  It  is  the  aim,  iisuany, 
to  preprre  pL'ptonc.  if  at  all,  in  very  small  quantities  "J'he 
best  commercial  ]tre|jarations  called  |»epiones.  are  chiefly  albu- 
moses  contaiiiing  but  a  small  quanlily  of  |)Cptone.  Indeed,  the 
value  of  peptone  as  a  food  seems  to  be  about  the  same  as  albu- 
mo^.  Aitificiaily  digested  foods  are  usually  bitter,  if  the  digc-i- 
lioii  is  carried  too  far.  What  this  bitter  substance  is,  is  unknown. 
It  is  nut  albumosc  or  jx^ptone. 

Absorption  of  Foods. — The  absorption  of  the  digested 
fooils  is  more  a  physical  and  physiological  process  than  a  chcmi- 
ical  one.  It  is  a  process  of  osmosis,  modified  by  special  condi- 
tions. On  one  side  of  the  mucous  membrane  of  the  intestines 
we  have  the  blood  and  lymph,  and,  on  the  other,  a  concentrated 
solution  of  easily  diffusible  salts,  peptones,  dextrin,  K'cvulose, 
soaps,  and  fat  in  a  state  of  fine  emulsion.  The  soluble  carliohy* 
drates.  that  is,  dextrin,  dextrose,  Iwvulose,  etc.,  absorb  slowly, 
poss  principally  into  the  rootlets  of  the  portal  vein,  and  are 
carried  to  the  liver,  where  a  i)art  is  stored  upas  glycogen,  the 
remainder  disappearing. 

The  ultimate  product  of  the  hydrolysis  of  proteids,  under  the 
influence  oi  |)e|isin  and  tryi^in,  and  known  as  peptone,  is  the  must 
diffusible  proteid  known.  It  is  atworlied  jKinly  by  the  lymphatics, 
also  somewhat  by  the  blood-vessels,  but  is  not  found  as  |>ei>- 
tone  in  t)ie  blood.  If  injected  into  the  blootl,  it  disappears  insidd 
of  twenty  minutes.  If  very  large  doses  are  injectcrl,  the  animal 
suffers  profound  disturbances  and  usually  death.  Most  of  the 
peptone  is  reconverted  into  albumin  while  passing  through  the 
membrane  Very  little  unchanged  proteid  is  absorbed.  Egg 
albumin,  when  mixed  with  a  small  (juautity  of  sodium  chloride 
as  well  as  myosin  and  alkali-allnimin,  is  absorbed  in  small 
amounts  The  large  intestine  al>sorbs  them  more  readily,  ih 
limit  being  6  grms.  of  albumin  or  50  grms.  of  egg  white  per 
day.  The  soluble  soajjs  are  easily  absorbed.  Very  little  of  the 
fat  undergoes  saponification  Wfore  absorption,  but  it  is  emulsificdi 
after  a  small  amount  of  saponification.  This  emulsion  is  quite' 
readily  ab>^orbcd  by  the  lacteals,  and  soaps  can  be  detet  led  in 
the  porljl  blood,  but  rapidly  disajipear.  No  free  fatty  acids  have 
been  found  in  the  blood.  Alcohol,  in  i^art,  at  least,  tartaric, 
malic*  citric,  and  lactic  acids,  glycerin,  inulin,  and  vegetable 
mucin  aie  absorbed  from  the  intestine;  chlorophyll  is  not 
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sorbed  ;  hematin  only  partly  j  indigo^  madder,  alkanet,  hirmeric, 
and  many  other  vegetable  cbiorintj  matters  arc  absorbed.  The 
gums  and  j)e(^tin,  not  being  peptonized,  are  not  absorl>ed.  Poi- 
sons are  sometimes  rapidly  absorbed,  and,  at  other  times,  slowly. 
Some  organic  poisons  are  stopped  by  the  liver,  while  others  are  not. 

Assimilation. — The  function  of  food  is  to  give  heat  and 
cell  energy — mental,  nervous,  and  muscular.  The  ultimate  form 
in  which  food  leavts  the  l>odyis  H^O,  CO,,  NH,,  uric  acid,  and 
urea.  The  intermediate  forms  and  products,  besides  those  of  ani- 
mal heat  and  motion,  are  as  yet  little  known.  Just  what  propor- 
tion of  the  food  actually  enters  into  the  formation  of  the  tissues 
before  undergoing  oxidation,  and  how  much  of  it  is  oxidized  merely 
to  furnish  heat,  has  leen  the  subject  of  dispute,  but  the  weight  of 
evidence  now  seems  to  be  that  no  proleid  food  is  directly  oxidised. 

Licbig  divided  food  into  flesh  formers  and  heat  prodticers. 
The  nitrogenous  elements  he  terme<l  the  plastics,  or  (lesh  fonners. 
We  now  know  that  they  produce  heat  and  fat  as  well  as  the  car- 
bohydrates. Formerly  it  was  supposed  that  the  blood  was  the 
seat  of  oxidation  in  the  body,  but  now  this  view  is  abandoned. 
It  is  in  the  solid  tissues  where  the  principal  oxidation  takes  pUice. 
While  it  is  probable  that  most  of  the  food  becomes  assimilated 
and  lakes  the  i  bee  of  the  tissues  which  are  disintegrated,  it  iscer- 
liiin,  however,  that  not  all  of  the  food  taken  enters  into  the  com- 
]>osiii(»n  (if  the  tissues,  or  is  assimilated.  It  is  quite  prol>able  that 
a  |>art  of  the  glucose,  at  least,  undergoes  direct  combustion  dur- 
ing the  circulation  in  the  capillaries  of  muscular  tissue  during  its 
contraction. 

We  have  seen  that  the  proteids  are  all  absorbed  as  peptones, 
are  converted  into  serin  or  semm-albuniin  and  serum-globulin, 
during  or  immediately  after  absorption,  and  circulate  in  the 
blood  and  lymph  in  this  form. 

My  slight  modifications,  which  do  not  greatly  modify  their 
chemical  composition,  but  rather  their  physical  properties,  they 
are  converted  into  myosin,  casein,  ossein,  gelatin,  etc.,  to  suit 
the  needs  of  ihc  different  structures.  These  changes  are  due  in 
many  cases  to  loose  combinations  with  various  inorganic  salLs. 

The  carbohydrates,  we  have  seen,  are  absorbed  in  the  form  of 
dextrose.  It  is  also  stated  by  some  authorities  that  a  small  quan- 
tity of  dextrin  and  cane  stigar  may  be  al«orbcd  from  thestomach, 
when  they  enter  the  venous  circulation.  It  is  more  likely  that 
dextrose,  when  taken  with  food,  is  absorbed  here,  as  it  is  more 
diffusible  than  either  of  the  others. 

The  dextrose  which  is  absorbed  from  the  intestines  is  changed  by 
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the  liver  into  glycogen, although  thissubstanoe  isalso  prepared  from 
the  proteids  of  the  blood.  Glycogen  isalbo  found  in  many  other  tis- 
sues, as  in  the  fwtal  placenta,  the  skin,  lungs,  kidneys,  nausclesand 
epithelium.  It  is  es[>ecially  abundant  in  the  muscles  (0.4  to  0.8  |)er 
100).  It  is  augmented  by  a  diet  rich  in  surch,  sugar,  or  dextrin. 
Dextrose  is  found  in  the  muscle  juice  as  well  as  in  the  blood. 

The  glycogen  of  the  muscles  accumulates  during  repose,  but 
disapijcars  during  prolonged  work,  and  may  be  one  of  the  decom- 
position products  of  proteids. 

The  fats  are  absorbed  principally  as  such,  and  are  distributed 
throughout  the  body.  The  animal  body  also  derives  fat  from  the 
conversion  of  sugar  or  glycogen,  and  from  the  destruction  of  al- 
buminoids. 

The  chemical  processes  involved  in  the  appropriation  of  the 
various  food  substances  we  have  been  considering,  are  not  thor- 
oughly known.  But  by  some  sort  of  combination,  the  dead  cir- 
culating proteid  becomes  a  part  of  the  living  cell.  The  most  im- 
]>ortant  tissue  of'  the  boJy,  because  most  abundant,  is  the  muscular. 
Half  the  proteid  material  of  the  l>ody  and  half  the  water  exist  in 
the  muscles. 

We  can  get  some  idea  of  the  use  of  foods  by  feeding  experi- 
ments upon  animals,  and  strike  a  balance  sheet  between  the  whole 
of  the  matter  taken  into  the  body  in  a  given  lime,  including  food, 
drink,  and  air.  and  the  total  excretions,  including  urine,  faeces, 
perspiration,  and  breath. 

Tht:  following  table  will  illustrate  what  is  meant  by  such  a 
balance  sheet : — 

EXCHANGE  OF  MATERIAL  ON  ADEQUATE  DIET.     {^amJte.) 


InCi'ME. 

ExnHDiTtmB. 

FilOK, 

•i 

i 

X 

< 
70 

I'rca. 
L'ric  ; 
Kxce 

ExCKETtON. 

: 

IE 

8 
£ 

2 

1 

i 

Proteii!.  loo  ^rms., .   . 
1-at.  100  nnn>,,    .    .    . 
CarbolivJrule. 

uul,  0.5  grm. 
s 

M.4 
I.I 

'    6.16 
10.84 

250  grms. , 

00 

9ji 

Kes[ii 

iralion  ^C<\), 

-    • 

0. 

208.0 

Totals 

15-5 

i-5 

'5-5 

225.00 
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Relation  Between  Proximate  Principles  of  Food.— 

It  has  l»een  found  that  the  relation  between  carbon  and  nitrogen 
in  tMir  food  should  be  250  to  15,  or  16.6  to  i.  The  proitorlion 
of  these  elements  in  proteids  is  53  to  15,  or  3.5  lo  t.  If  a  nnan 
should  attempt  to  live  upon  lean  meat,  he  must  consume  2  to  3 
kilos  (5  to  6  lbs.)  of  beef  to  get  the  requisite  amount  of  carbon. 
Tbii  qiianitty  would  contain  more  nitrogen  than  the  body  needs, 
and  more  ih.in  can  be  exsily  digested,  or  oxidized,  if  absorbed, 
and  more  than  the  kidneys  can  excrcie.  The  overworking  the 
kidneys  would  tend  to  produce  chronic  inflammation,  and  the 
accumulation  of  nitrogen  would  lend  to  produce  gout  and  other 
troubles. 

If  the  quantity  of  meat  be  adjusted  for  the  proper  amount  of 
nitrogen^  there  would  not  be  enough  carbon  to  supply  the  waste, 
and  the  ijody  would  lose  weight.  A  jwre  meat  diet,  therefore, 
cannot  1>*^  maintained  for  a  long  lime  without  serious  injury. 

The  same  thing  is  true,  to  a  limited  extent,  with  carbohydrates 
in  the  form  of  cereals,  and  especially  in  the  flour  made  from 
them.  By  reference  to  the  table  on  page  561  it  will  be  seen  that 
to  get  the  retjuisite  nitrogen  in  wheat  bread  1.3  kilograms  (2.8 
lbs  )  of  it  must  be  eaten,  while  less  than  half  that  amount  would 
furnish  the  carbon. 

In  the  practical  construction  of  a  diet,  we  first  take  enough 
meat  to  supply  sufficient  proteid,  and  then  supplement  this  with 
sufficient  carbohydrate  and  fat  to  furnish  the  necessary  heal. 
The  non-nitrogenous  foods.  /.  <•  .  fats  and  carbohydrates,  are 
thus  termed  proteids-sparing  foods.  The  same  term  may  he 
applied  to  gelatin,  as  this  is  its  chit-f  value  as  a  food.  The  fats 
and  carlwhydrates,  especially  the  latter,  oxidize  more  readily  than 
the  proteids,  and  in  this  way  protect  the  proteids,  as  well  as  the 
fat,  from  loss.  The  fats  and  carbohydrates  seem  to  be  able,  to  a 
certain  extent,  lo  replace  each  other  without  detriment.  Fats 
and  carbohydrates  are  both  manufactured  in  the  body  from  pro- 
teids, but  this  change  is  prevented  by  an  abundance  of  the 
former.  In  diat>etes  mellitus,  this  conversion  of  proteids  into 
dextrose  is  very  great,  and  with  conseqtient  rapid  loss  of  flesh  and 
strength.  Supplying  carbohydrates  docs  not  then  spare  the  pro- 
teids. Fats  arc  formed  in  the  body  from  the  proteids  of  the 
tissues,  as  one  of  the  retrograde  or  destructive  changes.  Hen(  e 
it  forms  as  a  step  in  degenerations  of  tissue.  Fats  are  also 
stored  from  the  fat  taken  as  food,  or  they  are  formed  from  carbo* 
h)drates 

Food  Accessories. — By  food  accessoriesarc  meant,  those  sub- 
stances taken  with  fuudfbUchasalcoholfCondimentSf^timulantSfCtc. 


MEDICAL    CMEMI5TRV. 

Alcohol,  when  taken  in  moderate  amounts^  is  burned  id  tlic 
l)ody,  and  gives  potential  energy.  One  gram  of  alcohol  io 
Imrning  produces  7.054  calories,  while  dextrin,  which  occurs 
with  alcohol  in  malt  li(|uors,  gives  4.117.  and  glucose  3-739* 
These  substances  are  alt  capai>lc  of  l>eing  used  as  cotntiusttbtes. 

While  alcohol  acis  as  a  producer  of  force,  it,  at  the  same  time, 
cannot  be  regjrded  as  equal  10  the  carbohydrates.  Like  ibetn, 
it  spares  the  nitrogenous  waste,  shown  by  its  i>ower  of  diminish- 
ing the  excretion  of  urea  In  large  quantities,  howe^'cr,  it  in- 
creases the  excretion  of  urea,  uith  llie  destruction  of  nitrogenous 
tissue.  In  this  respect  it  behaves  like  certain  active  |>oisons,  as 
arsenic  and  phosphorus.  Like  these  |x>isons,  it  leaves  a  residue 
of  fat  after  the  decomposition  of  the  tissues,  and  may  lead  lo  the 
accumulation  of  fat  in  certain  organs. 

There  is  another  difference  between  the  action  of  the  carbohy* 
drates  and  alcohol,  and  that  is  in  the  local  irritant  action  of  the 
latter  on  the  stomach,  other  internal  organs,  and  the  central  ner- 
vous ssslem.  While  it  serves  to  produce  heat,  spire  the  protcids, 
and  stimulate  the  heart,  it,  at  the  same  lime^  has  a  certiin  injur- 
ious action  upon  some  of  the  tissues.  Its  piralyzing  action  upon 
the  nervous  system  is  shown  by  the  dilatation  of  the  capillaries, 
giving  a  sense  of  warmth  in  cold  weather.  This  dilatation  of  the 
capill.iries  favors  the  loss  of  heat  by  radiation  and  the  lowering  of 
iIh"  general  Icmpcrature.  The  larger  the  dose  the  greater  its 
paralyzing  effect  upon  the  nerves  controlling  the  capillary  circula- 
tion, and  the  griater  tne  elimination  of  heat.  The  effect  of  a  small 
auiounl  of  alcohol  well  diluted,  ui>on  digestion,  is  to  a>sist 
it.  The  continued  use  of  thestrongcrsolutions  (whiskey,  brandy, 
gin,  etc.)  produces  a  catarrhal  iiifl:immation,  and  vvhen  used  in 
excess,  acute  gastritis.  The  appetite  very  often  either  fails  en- 
tirely, or  is  singularly  modified  to  crave  meats  only,  as  a  diet. 
This  leads  to  the  over-production  of  urea  and  uric  acid,  with 
gout,  rheumatism,  cystitis,  or  nephritis.  Statistics  based  upon 
observations  made  upon  thousands  of  men  put  under  the  same 
conditions,  as  in  armies,  have  shown  that  '*  soldiers,  in  war  or 
peace,  in  all  climates,  in  excessive  heat  or  cold,  in  rain  and  the 
hardships  of  the  severest  marches,  endure  best  when  all  alcoholic 
drinks  are  withheld."  (A.  Baer.) 

We  must,  therefore,  regard  alcohol  as  an  ex]>ensive  food,  with 
certain  good  results  when  taken  in  rea'^onably  small  amount  and 
well  diluted,  as  in  claret  and  beer,  but  when  taken  in  larger 
quantity,  it  acis  as  a  poison  which  interferes  with  the  normal 
metabolism,  increasing  nitrogen  waste,  and  perverting  the  func 
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tioii  of  digestion,  the  nervous  system,  and  some  glandular  organs. 
In  ibis  last  case,  the  net  result  of  its  action  in  the  body  is  injurious, 
it  has  been  estimated  that  the  human  body  can  burn  about  two 
fluid  ounces  of  absolute  alcohol  per  day.  This  will  represent 
about  4  to  5  ozs.  of  whiskey  or  brandy,  lo  ozs.  of  sherry  or  port 
wine,  2o  ozs.  of  claret,  champagne,  porter,  or  Bass's  ale,  or  40  to 
60  ozs.  of  American  beers. 

Tea,  coffee,  mat<^,  and  cocoa  are  used  principally  as  nerve  stim- 
ulants. The  first  three  owe  their  stimulant  properties  to  caffeine 
(tri-mcthyl  xanthin) ;  cocoa  to  the  related  alkaloid  theobromine 
(dimethyl-xanihin).  It  h  noteworthy  that  all  people  in  all  cli- 
mates make  use  of  some  plant  that  contains  these  or  similar  alka- 
loids- The  most  of  ihe  caffeine  so  taken  is  destro)ed,  but  when 
the  amount  taken  reaches  0.5  grm.  (8  grs.)  a  portion  of  it  passes 
into  the  urine. 

A  cup  of  coffee,  according  to  Bunge,  contains  about  o  i  grm. 
caffeine',  and  at>oui.  the  same  amount  is  contained  in  from  3  to  10 
grms.  of  dry  tea  leaves.  Coffee  has  little  influence  uix>n  the  ex- 
cretion of  urea  and  does  not,  therefore,  act  injuriously  unless 
taken  in  doses  sufficient  to  over-stimulate  the  nervous  system.  It 
does,  however,  sometimes  act  injuriously  upon  stomach  digcstion. 
The  same  may  be  said  of  tea  and  cocoa.  Chocolate  is  not  only 
a  stimulant,  but  a  rich  food.  It  contains  about  half  its  weight  of 
fat,  and,  besides,  about  12  per  cent,  of  nitrogenous  matter.  It  is, 
therefore,  a  concentrated  food. 

Beef  Tea  and  Beef  Extracts  owe  their  value  to  the  extrac- 
tives which  are  stimulants  and  proleid  savers.  Some  have  re- 
garded the  inorganic  salts  as  having  a  large  share  in  their  refresh- 
ing effects.  They  have  little  if  any  food  value.  The  gelatin 
contained  in  soups  and  beef  tea  saves  the  waste  of  nitrogenous 
tissue  during  fever,  and  thus  retards  the  loss  of  strength,  but  does 
not  add  to  the  construction  of  tissue  <'r  blood.  Liebig's  extract 
and  similar  preparations  owe  their  effects  princi[.>ally  to  the  ex- 
tractives, crcatin,  xanthin,  hypoxanthin,  carnin,  lactic  acid,  and 
inorganic  salts  They  contain  about  78  per  cent,  of  solid  matter, 
of  which  about  60  \h:t  cent,  consists  of  organic  matters,  princi- 
pally comiK»>;fd  of  these  extractives,  ami  iS  [ler  cent,  of  salts. 

Condiments,  such  as  pepi>er  and  other  spices,  are  useful  only 
as  means  of  whetting  the  appetite.  They  probably  act  by  mildly 
irritating  the  mucous  n^embranes,  causing  an  increased  flow  of 
the  dijicstivc  juices. 

The  Source  of  Muscular  Energy.— We  have  heretofore 
spoken  of  the  oxidation  or  burning  of  the  food  in  the  body,  as 
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the  source  of  all  heat,  muscular  power,  and  nervous  energy.  We 
have  also  set-n  that  the  food  does  not  burn  as  such,  but  it  supplies 
the  place  of  tissue  that  has  burned^  and  thus  maintains  the  equi- 
librium. When  the  body  neither  loses  nor  gains  weigh:  there  is 
just  as  much  food  material  converted  into  tissue  as  there  is  tissue 
destroyed. 

The  action  of  the  ford  may  be  roughly  illnstnaed  by  a  lube  open  at  boUi 
ends  and  tUlcd  with  marbles,  if  we  pu&h  a  marble  in  at  one  end,  one  is  poshed 
out  at  the  other.  If  two  or  three  are  put  in,  two  or  three  are  pushed  ouL  The 
marbles  that  are  {Mished  out  are  equal  in  number,  kind,  and  weight  to  those 
]mshe<l  in,  but  are  not  the  same  marbles.  So  the  food  enters  the  tissues  on  one 
side  anr)  crowds  out  waste  products  on  the  other.  When  mote  Ibod  is  taken, 
mure  wa'>tc  in  crowded  out  and  excreted. 

The  changes  that  are  observed  when  a  muscle  contracts,  are  at 
first,  an  elevation  of  temj>erature,  an  increase  in  the  circulation  in 
the  muscle  brought  about  by  a  dilatation  of  the  capillaries,  and 
a<id  reaction  from  sarcolactic  acid.  The  elevation  of  tempera- 
ture is  nearly  proportional  to  the  energy  of  the  contraction,  or  the 
work  done  by  the  muscle. 

It  has  btcn  demonstrated  that  the  muscle  glycogen  diminishes 
rapidly  during  the  contractions,  and  gradually  accumulates  when 
the  muscle  is  in  repose  ;  also  that  the  glucose  disappears  from  the 
blood  flowing  through  a  muscle  when  at  work.  Chauveau  showed 
by  analysis  of  the  blood  entering  and  leaving  the  masseter  muscle 
of  a  liorse :  I'irst.  That  the  amount  of  blood  traversing  a  mtiscle 
is  2.5  to  3  times  more  during  work  than  during  repose. 

Sfcoiul.  The  oxygen  consumed  by  1000  grms.  of  muscle,  and 
the  C<.)^  formed  arc  3}^  times  as  much  during  work  as  during 
repose. 

T'hird.  That  the  glucose  which  disappears  from  the  blood  and 
l>asses  throiigli  the  muscle  in  a  half  hour,  is  ^y<  times  as  much 
during  work  as  during  the  same  time  in  repose. 

At  the  same  time  the  glycogen  largely  disappears  from  the 
muscle. 

T'he  greater  jiart  of  the  real  energy  of  a  muscle  comes  from  the 
oxidation  of  glucose,  or  glycogen. 

A  part  of  these  bodies  is  changed  into  lactic  acid,  and  a  small 
amount  of  nitrogenous  waste  takes  place,  with  the  formation 
of  fat,  creatin  and  other  lucomains  which  accumulate  in  the 
muscle. 

It  Iwts  not  been  demonstrated  that  urea  or  uric  acid  are  much 
increased  by  muscular  work,  but  the  myosin  and  globulin 
seem   to   slightly  diminish,   and   are  probably  converted   into 
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treatin,  fat,  etc.  This  explains  why  the  urea  excreted  is  not  in 
projKiriion  lo  the  work  i>ert"ornKd  by  a  man.  The  accumulation  of 
leucomains,  and  the  exhaustion  of  glycogen  are  the  causes  of  fatigue. 
It  has  Ijeen  shown  that  a  laLxirer  who  works  ten  hours  a  day 
must  have,  to  keep  his  body  in  a  good  state  of  health,  over  and 
above  that  necessary  for  u  state  of  idleness,  the  following  amounts 
of  nourishment  (Gaulier)  : — 

42  grms.  of  albuminoids,  giving  163  calories  of  heat. 
13     "      •*  fat,  •*      I03       "  •• 

160     "      •*  carbohydrates,  "      693       **  *• 

Total.    958       •*  " 

From  this  it  follows  that  Si  per  cent,  of  the  work  done  by  the 
laborer  comes  from  the  burning  of  the  fats  and  carbohydrates, 
and  u;  per  cent,  from  the  albuminoids,  which  latter  must  be 
replaced  molecule  for  molc;cLile,  by  food. 

The  4a  grms.  of  albuminoids  consumed  ought  to  produce  14 
grms.  of  urea  if  entirely  consumed  and  excreted  in  this  form.  In 
fact,  only  about  one-sixth  of  this  amount  is  obtained.  There  is, 
then,  but  a  very  small  increase  in  urea  excreted  during  work,  over 
that  excreted  in  idleness.  Kick  has  demonstrated  that  about  33 
or  34  per  cent,  of  the  total  intramuscular  combustion  appears  in 
the  form  of  muscular  work,  while  the  remainder  is  thrown  off  as 
heal.  This,  indeed,  is  the  princif^al  source  of  animal  heat, 
Helmholtz  estimates  that  of  the  total  heat  produced  by  oxidation 
in  the  body,  about  7  per  cent,  is  rejirescnted  by  mechanital  work, 
and  74  [iCT  cent,  is  radiated  and  cva[>orated  l>y  the  skin,  and  the 
remaining  19  per  cent,  by  the  lungs,  urine,  and  foeces. 

DIGESTION. 

Digestion  has  for  its  object  the  preparation  of  food  for  the 
nourtshment  of  the  tissues.  There  is  an  external  and  an  intersti- 
tial digestion.  External  digestion  is  the  preparation  of  the  food 
for  al)S(iriUion  ;  interstitial  digestion  is  the  more  hidden  |)rocess 
by  which  the  food  in  the  interior  of  plants  and  animals  is  modi- 
fied and  made  available  for  nutrition.  F'xtcrnal  digestion  is 
illustrated  by  the  manner  in  which  certain  lower  animals  take 
their  food,  as,  for  example,  the  Amceba,  which  rolls  itself  alx)ut 
its  food,  extracts  tlie  nutriment,  and  unrulls  lo  allow  the  debris 
to  escat>e.  In  the  Venus  tly-trap  we  have  an  example  of  the  same 
process  in  plants.  The  alimentary  canal  is  a  prolongation  of  the 
skin,  and  may  therefore  be  considered  as  being  outside  of  the  l>ody. 

Reserves  of  food  are  such  portions  as  arc  stored  uji  in  the  bodies 
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of  plants  and  animals  for  future  use,  such  as  fat  and  glycogen  in 
animals,  and  starch  and  sugar  in  plants. 

Digestion  is  carried  on  by  means  of  soluble  ferments  or 
enzymes.  The  number  of  ferments  employed  in  the  digestion  of 
the  food  used  by  man  is  not  accurately  known.  Thexc  are  at 
least  seven  or  eight  of  thero.  The  following  table  presents  these 
fennents,  with  their  origin  and  the  changes  which  they  produce: — 

TABLE  OF  THE  DIGESTIVE  JUICES  AND  THEIR  FERMENTS. 


DioesTivE  Juice. 


FeKSfBNTS  CONTAINBO 
IK   ThKH. 


Action  oh  Food  Mat«kiai.&. 


Saliva.  Salivary  diastase  or  jChangcs  starch  into  dextria  and 

ptyaiin.  I     maltose. 

{a.   Pepsin.  IChanges  proieids  into  peptones  in 

I     an  add  mediam. 
h.  Curdling  ferment.     Curdles  the  casein  erf*  milk. 
[a.  Trypsin.  Changes  proteid^  into  peptones  in 

alkaline  and  neutral  mrdia. 
I  h.  Curdling  ferment.     Curdles  the  casein  of  milk. 
Pancreatic  juice.     -!  i\  Fancrealic  diastase.  Changes  starch  into  dextrin  and 

su){ar. 
I  li.  Kmulsive  ferment    Emulsifies  and  paitiallj  saponifies 
L  fau. 

Bile.  ?  Assists  in  emulsifying  fats. 

!a,  Tnvertin.  .Changes   cane  sugar  into   iarcit 

I     sujrar. 
b.  ?  Curdling  ferment.  Curdles  the  casein  of  milk. 

The  Saliva. — The  first  fluid  to  which  aliments  are  subjected 
is  the  saliva.  The  saliva  is  the  combined  secretion  of  the  parotid, 
submaxillary,  and  sublingual  glands,  mixed  together,  with  mucus 
from  the  mucous  membrane  of  the  mouth.  It  is  a  slightly  turbid, 
viscid,  frothy  fluid,  without  taste  or  odor,  slightly  alkaline  in  re- 
action, and  of  a  sp.  gr.  from  1002  to  1008.  It  contains  about  .5 
per  cent  of  solids,  of  which  .2  per  cent,  is  salts,  and  the  rest 
ptyaiin,  globulin,  serum  albumin,  mucin,  and  salivary  corpuscles. 

Mixed  Saliva— Human. 

(JAcrnowiTSTH.)      (Hammersachiir.) 

I'v.H  Cknt.  Per  Cbnt. 

Water, 99-5*  92.42 

Solids 0.48  0.58 

Siihihle  organic  bodies  (ptyaiin,  etc  ),     .    o.  13  o.  14 

Kpitliclium, 0.16  0.22 

Inorgnnic  salts, 0.182  0.22 

I'olassic  sulphocyanate, 0.006  0.004 

Potasbic  an<l  sodic  chlorides 0.084  >    .    • 
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The  alkaline  reaction  is  due  to  the  presence  of  bicarbonates  and 
alkaline  phosphates.  The  alkalinity  differs  in  different  individuals, 
and  in  the  same  individual  at  different  limes  in  the  day,  and  may 
become  neutral  or  acid  without  disturbance  of  the  health,  especi- 
ally between  the  meals.  Pathologically,  it  may  become  more 
alkaline,  or  even  decidedly  acid.  'I'be  salts  present  are  HNaCOg, 
KCl,  NaCl,  KCyS,  Na^PO,,  tbc  sulphates  and  phosphates  of  cal- 
cium and  magnesium,  ammoniuiu  nitrate,  and  sometimes  urea. 
It  contains  free  O,  N,  and  CO,  in  solution.  It  is  richer  in  CO, 
than  blood.  On  exposure  to  the  air,  the  CO,  escapes,  when  some 
of  the  salts  of  calcium  and  magnesium  are  precipitated,  accumu- 
late on  the  teeth,  and  give  rise  to  the  dejx)sit  known  as  "  tartar." 

'I'he  parotid  secretion  is  clear  and  watery,  rich  in  ptyalin  and 
I)Oor  in  mucin.  The  sublingual  is  richest  in  ptyalm.  is  strongly 
alkaline,  is  viscid,  and  traces  of  choleslerin  and  fat  have  been 
found  in  it.  The  submaxillary  is  more  alkaline  than  the  parotid, 
is  rich  in  corpuscles  and  mucus,  but  |fOor  in  ptyalin.  The  saliva 
is  increased  by  the  stimulation  of  certain  nerves,  or  by  the  irrita- 
tion of  pepper,  alkalies,  and  food,  or  even  the  thought  of  food. 
'i'he  saliva  of  irritation  is  alkaline  and  contains  tittle  or  no 
ptyalin.  It  is  increased  by  pilocar|iineand  eserine,  but  diminished 
by  atropine.  In  the  saliva  of  the  new-born,  only  ihal  secreted  by 
the  parotid  contains  ptyalin,  while  it  apj)ears  in  the  submaxillary 
after  abotit  two  months. 

Uses. —  i'he  saliva  moistens  and  lubricates  the  food  and  con- 
verts starch  and  glycogen  into  soluble  starch,  dextrin  and  maltose 
The  saliva  acts  best  in  a  neutral  or  faintly  acid  solution,  if  the 
acidity  be  due  to  organic  acids.  It  does  not  act  in  the  presence 
of  free  HCl.  or  HCl  and  pepsin.  Its  activity  is  increased  by 
small  quantities  of  NaCl,  N3,SO,(.4  [jcr  cent),  NH^Cl,  CO,,  ace- 
tate of  quinine,  strychnine,  and  morphine.  Tea  has  an  intense 
inhibitory  effect,  coffee  and  cocoa  very  little  effect.  The  saliva 
becomes  more  alkaline  in  very  acid  conditions  of  the  gastric 
juice,  and  even  more  abundant,  giving  the  disease  known  as  pyro- 
sis, or  water-brash.  The  saliva  acts  very  feebly  on  uncooked 
starch.    A  peptone- forming  ferment  has  been  found  in  the  saliva. 

Gastric  Juice. —The  gastric  juice  is  a  thin,  trans{>arent, 
faintly  yellow,  acid  fluid,  of  sp.  gr.  looi  to  toio.  It  contains 
from  ,5  to  1  |>er  cent,  of  solids,  of  which  ^i  or  less  is  organic 
matter.  The  pyloric  end  of  the  stomach  gives  the  alkaline  fluid, 
or  succus  pyloricus,  which  is  said  to  convert  starch  into 
sugar,  and  to  digest  albumin  when  acidified  with  HCl,  and  to 
dissolve  gelatin.     The  thick,  slimy  secretion  of  the  stomach,  in 
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a  state  of  rest,  is  neutral  or  alkaline.  The  normal  secretion  of 
the  stomach  is  a  mixture  of  these  fluids.  The  daily  quantity  of 
the  gastric  juice  is  variously  stated  at  from  i6  to  31  pounds,  or 
about  30  pints.     Its  composition  is  as  follows: — 

Analysis  of  Gastric  Juice  (Human)  Mixed  with  Some  Saliva. 

{^After  C.  Schmidt,) 

Pb»  C«kt 

Water, 99-44 

Solids, 0.56 

Organic  substances  (pepsin  and  peptones), 0.32 

Free  hydrochluric  acid, . •    0.25 

Sudic  chloride 0.I4 

Potassic  chloride, 0.05 

Calcic  chloride 0.006 

Phosphates  of  lime,  magnesia,  and  iron, 0.015 

The  acidity  of  the  gastric  juice  of  some  of  the  lower  animals, 
especially  the  dog,  is  greater  than  that  in  man.  In  the  dog  it  is 
nearly  six  times  that  of  man;  in  the  fish  it  may  even  be  seven 
times  as  much  as  that  of  man.  The  organic  matter  present  is 
chiefly  ]>epsin  and  a  little  mucin,  and  amounts  to  about  .3  per 
cent  The  acidity  of  the  gastric  juice  is  made  up  of  hydrochloric 
and  organic  acids.  The  organic  acids  are  chiefly  lactic  and 
butyric,  with  occasionally  acetic.  These  are  not  secreted  in  the 
gastric  juice  itself,  but  arc  produced  partly  by  the  decomposition 
of  their  salts  in  the  foods  taken,  and  partly  by  fermentative 
action  ;  so  that  in  the  earlier  stages  of  digestion  the  acidity  is 
chiefly  due  to  organic  acids,  but,  in  the  later  stages  of  digestion, 
chiefly  to  hydrochloric  acid,  which  is  present  in  quantities  vary- 
ing from    I  to  .4  per  cent. 

The  hytlrochloric  acltl  is  greatly  <liminished  or  entirely  absent  in  the  acute 
fevers  during  the  fever,  in  chronic  gastric  catarrh  with  atrophy  of  the  ga.stric 
glands,  aniyloi'l  tlegcneratifui  of  the  membrane,  in  all  cachectic  states,  chlor- 
osis, certain  Mervou-i  troubles,  many  forms  of  |>oisoning,  Addison's  disease, 
cancer  of  the  slomich,  if  it  involves  a  considerable  area,  or  is  attended  with 
catarrh  of  the  mucous  membrane,  which  \%  usually  the  case.  It  is  absent,  as 
a  rule,  in  cancer  of  the  stomach,  and  this- fact  is  a  valuable  aid  in  the  early 
diagnosis  of  this  disease. 

The  HCl  is  probably  produced  by  one  of  the  following  re- 
actions:— 

(I.)  2N\nP(\  -1-  3CaCl.j  -:  Ca,(PC\\   f  2HCI  -f  4Naa. 

(2.)  COj  4-  2NaCl  +  \\f>  :^  Na..C(),  +  21101. 

(3.)  NaHCO,  +  NaCl  =  NajCO,  +  IICl. 

Aiiid  sotliucn       Scdinm 
tArbufiAtc.        chloride. 
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Others  think  that  the  HCl  in  the  gastric  juice  is  in  combina- 
tion with  some  of  the  amid  bodies,  as  leucin  or  tyrosin,  which 
are  found  in  all  glands.  Liebermain  cLiims  that  there  exists  an 
acid  reacting  com^jound  ol  lectthm  and  albumin,  always  found 
in  the  mucous  membrane  of  the  stomach,  which  takes  up  the 
Na,CO,,  the  second,  or  the  NaHCO,  of  the  third  reaction. 
The  compound  thus  formed  gradually  sets  free  the  Ni,COj, 
which  passes  into  the  lilood.  Besides  HCl  arid  the  organic 
acids  above  spoken  of,  the  gastric  juice  contains  ferments,  two  of 
which  are  of  s|)ecial  interest,  namely,  pepsin  and  rennin  or 
labferment.  There  exist  also  in  the  stomach  at  times  certain 
gases,  es|>ecially  CO,.  O,  N.  K,  and  CH^.  It  is  evident  that 
these  gases  are  the  result  of  the  microbial  fermentation  of  ali- 
ments. 

Action  of  the  Gastric  Juice  — The  gastric  jm'ce  acts 
especially  upon  the  proieids.  It  modifies  them  by  transforming 
them  successively  into  syntonin,  or  acid  albumin,  then  into 
propeptones  or  albumoses,  and  finally  into  peptones.  These 
comiKJunds  have  already  been  described.  It  is  evident  from 
what  has  just  been  said,  that  during  digestion  u  part  of  the  HCl 
only,  is  in  the  free  slate,  while  a  [lart  of  it  is  in  combination  with 
albumin,  in  the  state  of  acid  albumin. 

'I'he  phenomena  of  gastric  dig<^stion  are  due  to  the  hydration 
of  the  albumin,  and  a  breaking  up  of  molecules  inio  simpler 
onesj  so  thai  the  ]>eptones  are  richer  in  H  and  O  than  the 
alliuminoid  bodies  from  which  they  were  produced. 

Chemical  Examination  of  the  Gastric  Juice. — The 
chemical  examination  of  the  contents  of  the  stomach  has,  in 
recent  times,  become  an  important  aid  in  the  diagnosis  of  dis- 
eases of  the  stomach.  'I'his  generally  includes  an  examination 
as  to  the  rapidity  of  absorption,  the  motility,  the  reaction  and 
acidity  of  the  gistric  juice,  the  determination  of  the  kind  and 
amount  of  acids  present,  an  examination  for  syntonin  and  pep* 
tone,  and  the  determination  of  the  digestive  activity.  The  juice 
for  examination  is  obtained  as  foUoft-s :  The  usual  method  is  to 
administer  to  the  patient,  on  an  empty  stomach,  an  ordinary  dry 
roll  and  a  definite  quantity,  siy  300  c.  c,  or  about  ^i  pint,  of 
fluid,  either  simple  warm  water  or  weak  tea  without  milk  or 
sugar.  The  roll  should  be  of  a  tolerably  uniform  weight  of 
about  35  grms.,  or  540  grs.  Such  rolls  contain  about  7  i»er 
cent,  of  N,  .5  per  cent,  of  fat,  .4  i»er  cent,  of  sugar,  525  |)cr 
cent  of  non-nitrogenoits  matter,  and  about  t  i>cr  cent,  of  ash. 
This    test-breakfast    contains    chiefiy    albuminoids,    sugars, 
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Starch,  non-nitro^cnous  extractives,  and  salts.  By  means  of  this 
brcjkfa^t  the  stomach  is  given  all  the  ingredients  usually  taken, 
witli  the  aijvanta;;e  that  they  are  liquefied  in  a  relatively  short 
]:erio(l  of  time,  or  at  lca>t  stifliciently  liquefied  to  be  capable  of 
being  easily  <lra\vn  off  through  a  tulje.  About  one  hour  after 
taking  the  te^t-lireakfast,  ilie  stomach  tube  is  inserted,  and  that 
whicli  remains  in  the  stomach  is  drawn  off.  The  amount  ob- 
tained shoiiUl  be  about  40  c.  c,  or  1  Vi  ozs.  A  greater  variation 
than  15  to  20  c.c.  in  either  direction  should  be  regarded  as 
])athoIogical.  The  fluid  thus  obtained  is  filtered  as  soon  as 
lK>ssil)le,  and  the  tests  are  applied  to  the  clear  filtrate. 

The  Acidity. —  I  he  acidity  of  the  gastric  juice  is  due  to 
IK'l;  lactic  acid,  acid  salts,  and,  occasionally,  butyric  or  acetic 
acids.  In  the  clinical  examination,  it  is  important  to  determine 
the  cause  of  the  acidity,  as  well  as  its  amount.  For  this  purpose 
various  anilin  dyes  are  found  to  be  useful.  Of  these  the  best 
are  Congo  red  and  tropaeolin  GO,  Tropaiolin  is,  when  dry, 
an  orange-colored  jfowder.  and  in  a  saturated  watery  or  alcoholic 
so!titi(jn  forms  a  dark  yellow-red  solution,  which,  in  the  presence 
of  tree  acids,  <:hanges  to  reddish-brown,  but  with  acid  salts  straw 
yellow.  Kven  as  little  as  .25  per  1000,  or  i  in  4000,  of  free 
acid  <an  he  detected  by  this  reagent.  Congo  red  is  also  a 
sensitive  reagent  lor  the  detection  of  acids.  The  solution  is  of 
a  deep  wine-red  color,  which  clianges  to  a  sky-blue  with  acids. 
It  is  more  delicate  than  tropxolin,  and  will  react  to  a  fluid  con- 
taining hill  .02  per  1000.  Acid  salts  produce  no  change. 
Bcnzo-purpurin  is  another  color  which  has  been  used.  It  is 
also  a  (itep  red  color,  which  changes  with  acids  to  a  deep 
bla(  kish-bliic  color.  If  more  than  .4  percent.  HCl  be  present, 
tlie  color  I  rodnced  is  brown-black.  If  this  color  be  employed  in 
the  ff)rni  of  test-]taptr  previously  prei)ared  by  dipping  unsized 
}>apor  ill  the  solutifin  and  drying,  we  may  distinguish  between 
organic  and  in(jrgani<:  adds  by  placing  a  strip  of  paper  which  his 
been  <  hanged  in  color  by  the  gastric  contents,  in  a  test-tube  with 
ether.  As  the  organic  a*  ids  are  soluble  in  ether,  they  dissolve 
rjiit  ot  the  paper,  and  the  color  produced  by  them  will  disap^^ear, 
while  if  ilu-  color  is  produced  by  IICI.  it  will  remain  unalterec". 
Many  prelirr  to  use  all  tiiese  colors  in  the  form  of  test-jiapers  \nc- 
]i.ired  as  abcnc  described.  .A  con^i^lcrable  number  of  other  colors 
have  been  rec  (Minnended  for  the  clinical  testing  of  the  gastric  con- 
tents, but  the  oi.es  here  mentioned  are  those  most  generally  use- 
ful. The  most  clelic:ate  test  for  free  hydrochloric  acid  is  that  known 
as  the  Gunzburg's  test.     The  solution  is  made  as  follows: 
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Phlorogludn, 3  grms.  (30  gn.) 

Vanillin, I  gtin- (IS  Si^* ) 

Absolute  alcohol, 30  gims.  (1  fl.  oz.) 

This  solution  is  pale  yellow  in  color  and  has  the  odor  of  vanilla. 
It  should  be  kept  in  blue  or  black  bottles.  Jt  is  employed  as  fol- 
fows:  A  few  drojis  are  spread  out  in  a  thin  layer  u|X>na  jjorcelain 
dish  or  slab,  which  is  then  gently  heated  and  a  drop  of  the  solu- 
tion lo  be  tested  is  allowed  to  flow  across  it,  or  a  glass  rod  dipped 
in  the  solution  is  drawn  across  the  plate.  If  free  hydrochloric 
acid  be  prciient,  a  deep  scarlet-red  streak  is  developed.  If  the 
acid  Le  very  weak,  no  change  is  observed  until  the  solution 
evaporates  entirely  to  dryness;  blowing  on  the  dish  will  cause  the 
red  streak  10  ap^jear  more  rapidly.  With  this  test  it  is  unneces- 
sary even  to  filter  the  gastric  contents.  This  test  is  not  simulated 
by  the  albuminoids,  nor  is  it  interfered  with  by  acid  salts,  if 
present  in  the  usual  proportions,  nor  by  organic  acids.  Its  deli- 
cacy is  such  that  it  shows  one  part  of  HCl  in  20,000  i>aris  of 
water.  Tropa:olin  jxiper  fails  when  the  HCl  falls  l>elow  one  part 
in  3500.  The  reagent  of  Boas  seems  almost  as  delicate  as  Gunz- 
burg*r.     It  is  prepared  as  follows: — 

Re&orcin,  i>ure 5  grnu». 

While  su^ar, 3  grma. 

Diluied  Alcohol, ICX)  grms. 

This  reagent  is  employed  in  the  same  manner,  and  the  indica- 
tion is  similar  to  that  above  described  for  Ounzburg's  reagent. 
The  red  color  produced  with  it  is  |x>siiive  proof  of  HCl,  and  is 
never  produced  by  organic  acids. 

Detection  of  the  Organic  Acids. — There  are  two  lactic 
acids  met  with  in  the  stomach,  sarco-laclic  acid  and  fermentation 
lactic  acid.  Sarco-lactic  acid  is  formed  in  the  stomach  from 
meat  taken  as  food  ;  the  other  lactic  acid  may  be  formed  by  ftr- 
nientation.  A  very  simpl*  and  rapid  test  for  cliniral  practice  is 
(hat  of  Uffclmann.  Diluted  solutions  of  ferric  chloride  turn 
canary  yellow  in  the  presence  of  lactic  acid.  A  stilt  better  solu- 
tion is  the  following:  A  fewdro|sof  a  diluted  neutral  solution 
of  ferric  chloride  are  mixed  with  two  dro(»of  pure  carbolic  acid, 
and  water  added  imtil  the  solution  assumes  a  beautiful  amethyst 
blue  color.  A  few  drops  of  a  i  in  2000  solution  of  lactic  acid 
changes  the  color  to  yellow  instantly.  The  delicacy  of  the  re- 
action is  very  great.  Lartatcs,  as  well  as  free  lactic  acid,  unfor- 
tunately, produce  this  yellow  color.  It  is  said  that  ah  ohol.  sugar, 
and  certain  salts  can  produce  the  same  color.     The  test  becomes 
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certain  if  we  first  extract  the  organic  acid  from  the  gastric 
tenis  with  ether,  and  apply  the  lest  to  the  residue  left  on  eva|ior 
aiing  off  the  ether.  Acetic  and  butvnc  acids  can  usually  b« 
detected  by  the  odor.  The  odor  of  acetic  acid  is  usually  unmis- 
takable. It  may  also  be  detected  by  the  use  of  ferric  chJoridc, 
with  which  it  gives  a  red  color.  Butyric  acid  changes  Uffel- 
raann's  reagent  to  a  tawny  reddish  color,  and  this  only  occurs  when 
it  is  present  in  over  5  |jarts  |>er  1000.  Alcohol  is  iound  only  in 
rare  cases  of  yeast  fermentation 

The  quantitative  estimation  of  the  total  acidity  is 
best  done  by  trituration  with  a  decinormal  alkali.  Ten  c.  c.  of 
the  clear  filtered  liquid  is  diluted  with  30  or  40  c  c.  of  water,  a, 
few  drops  of  an  alcoholic  solution  of  phenol  phthalein  or  litmus 
solution  are  added,  and  the  decinormal  NaOH  solution  is  ru 
from  a  burette  (see  Fig.  68)  until  a  change  of  color  is  prod 
As  I  c.  c.  of  the  decinormal  alkali  neutralizes  0003637 
HCI,  and  as  we  usually  express  the  acidity  in  its  equivalent  id 
this  acid,  the  number  of  c.  c.  of  alkali  used  multiplied  by  this 
factor  gives  the  amount  of  HCI,  or  its  equivalent,  in  the  10  c.  c. 
used.  Thus  if  6  c.  c,  alkali  were  used,  the  acidity  will  be  6  X 
.003637  =  .021822  grm.  in  10  grras.  of  liquid,  or  0.218  percent. 

The  total  acidity  of  the  gastric  juice  is  made  up  of  HCI, 
organic  acids,  and  acid  salts.  .As  the  organic  acids  are  soluble  in 
ether,  they  may  be  dissolved  out  before  trituration,  by  shaking 
10  c.  c.  of  the  liquid  with  100  c.  c.  of  ether.  The  acidity  of  the 
liquid  then  represents  HCI  and  the  acid  salts.  It  is  necessary 
also  to  distinguish  the  free  acid  from  the  HCI  combined  with  the 
protcid  as  acid  albumin.  There  may  be  an  abundance  of  HCI 
in  the  liquid,  v;ith  but  a  slight  acidity,  because  most  of  the 
has  comltined  with  the  proteids. 

The  free  acids  may  be  estimated  by  the  titration  of  10 
of  the  fluid  alter  treatment  with  i  grm.  of  precipitated  and 
thoroughly  washed  CaCO,.  The  free  acids  deconqKase  CaCO,, 
whik'  the  acid  salts  do  not.  The  acidity  of  the  filtrate,  after 
treatment  with  the  precipitated  chalk,  gives  that  due  to  acid 
salts,  which,  deducted  from  the  total  acidity,  gives  the  free  acids. 
A  simple  and  easy  method  of  estimating  the  free  HCI  is  to 
ililtite  the  hltered  fluid,  tliat  has  given  a  positive  reaction  with 
Giin/burg's  test,  to  }.  i.  i'o»  etc..  unil  the  test  fails  with  the  diluted 
solution.  Since  we  know  the  limit  of  reaction  to  be  i  in 
20,000  (0.005  P^^  loo),  we  can  tell  the  amount  of  HCI  present. 
Thus,  if  the  red  color  fails  with  dilutions  weaker  than 
this  will  contain  0.035  ^  20  -=  o.  i  per  100  or  0.1  per  cent. 
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Elhyl  green,  or  methyl  violet,  may  be  employed  in  the  same 
manner.  The  first  is  said  to  be  about  as  delicate  as  GUnzburg's 
test,  when  the  solution  of  the  color  used  is  dilute. 

Another  melhod  for  «  hCaining  the  free  HCl  is  &s  follows:  If  a  mixture  of 
oi^anic  acid*  and  free  or  loosely  combined  HCl  be  treated  with  BaC(_>,,  evap* 
omted  to  dryness,  and  reduced  to  aah,  all  ihe  chlorine  corahines  with  the  l*a 
as,  UaCl,,  which  is  soluble  in  water.  The  organic  barium  salts  are  decomposed 
during  the  ignition  and  do  not  go  into  solution,  but  remain  as  UaCO,.  This 
solution  is  filtered  and  treated  with  Na^COj,  which  precipitates  the  Ba  as 
BaCO|.  This  is  filtered  out  and  again  di:k>»ulved  in  HCl.  The  excess  of  HCl 
is  removei)  by  cvapuroting  to  dn'nes^,  and  the  dry  residue  again  dissolved  in 
water,  when  the  chlurine  is  estimated  with  decinormal  silver  nitrate,  using 
potassium  chiomale  as  an  incHcAlor.  One  c.c,  of  ilic  decinoniial  silver  volutit)n 
corresponds  (o  0,0036^^7  (;rms,  of  HCl,  from  which  the  amount  of  HCl  in  the 
gastric  juice  taken  may  be  calculated.  For  clinical  purposes  it  is  unnecessary 
to  employ  this  souiewliat  complicated  process. 

Hydrochloric  acid  may  appear  free  in  the  contents  of  the 
stomach,  it  may  occur  combined  loosely  with  the  proteids,  or  it 
may  occur  as  chlorides  of  inorganic  bases.  It  is  generally  con- 
sidered iiiij)  >rtant  to  estimate  the  free  acid  as  well  as  that  com- 
bined with  the  [iroieids.  To  estimate  the  free  HCl,  10  c.  c.  of 
the  filtered  stoinarh  contents  arc  taken  and  titrated  with  a  deci- 
nf>rmal  soda  solution,  added  from  a  burette,  until  Gunzburg*s 
reaction  no  longer  occurs.  The  alkali  added  corresponds  to  the 
amount  ot'  HCl  present.  For  example:  If  10  c.  c.  of  gastric 
juice  no  longer  react  with  GUnzburg's  reagent,  after  adding  1.3 
c.  c.  decinormal  soda  solution,  then  the  amount  of  free  HCl  is 
1.3  times  .003637  ^=  .047  per  cent.  HCl.  The  loosely  com- 
bined HCl  may  be  estimated  by  continuing  the  above  trituration, 
drop  by  drop,  after  the  failure  of  Giinzburg's  reaction,  with 
congo-red  [nj^er  as  an  indicator. 

Estimation  of  Free  HCl,  Organic  Acids,  Acid  Salts, 
and  Loosely  Combined  HCl,  in  the  Same  Solution. — 
1  eu  c.  c.  of  the  filtered  tluid,  which  ha-i  reacted  positive  with 
Ciilnzburg's  lest,  are  measured  out,  and  ^^^  NaOH  added,  a  few 
drops  at  a  time,  until  a  drop  of  the  solution  fails  to  give  Giinz- 
burg's test.  The  reaction  is  now  tested  with  a  piece  of  Congo 
pai>er.  If  it  shows  no  acid  reaction,  less  than  0.02  per  cent  of 
lactic  or  other  organic  acid  is  present.  If  the  paper  turns  blue 
or  lilac,  continue  to  add  the  alkali  solution  until  the  red  color 
of  the  paper  is  restored. 

The  quantity  o(  NjOH  solution  re<iuired  after  the  failure  of 
the  Giin/burg  test,  to  the  changingof  the  Congo  paper,  gives  the 
organic  acids,  liulyric  and  acetic  acids  would  have  been  detected 
by  the  otlor. 
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mzy  be  shown  to  be  present  if  the  Jiltrate  from  the  precipitate  of 
syntoniu,  or  the  liquid  in  the  absence  of  synionin,  is  saturated 
with  ammoniuin  sulphate.  AlbiiinosL'  is  precipitated  as  a  white 
cloud,  soluble  on  warming.  The  filtrate  from  the  precipitation 
of  the  albiimose  may  be  tested  for  jxiptone  by  the  biuret  test, 
or  by  the  addition  of  picric  acid  solution,  which  precipitates 
pL'plone. 

The  Ferments,  Pepsin, — The  test  for  pepsin  is  accora- 
pUsbed  by  the  addition  of  coagulated  egg  albumin  to  the  filtered 
gastric  contents,  and  keeping  this  mixture  at  a  temperature  of 
about  40°  C.  (104°  r.)  for  a  definite  time,  and  noting  wliether 
the  albumin  is  corroded.  If  the  gastric  contents  have  been  found 
by  the  above  test  10  be  destitute  of  sufficient  HCl,  enough  should 
be  added  to  taring  the  quantity  up  to  about  2  parts  per  thousand. 
Coagulated  all>uinin  discs,  made  by  cutting  the  white  of  lx)iled 
eggs  in  thin  llakes  of  uniform  thickness,  and  punching  out  by 
means  of  a  cork  borer  or  glass  tube,  and  preserved  in  glycerin. 
are  best  used  for  this  purjKwe. 

The  presence  of  rennin  is  best  shown  by  carefully  neutral- 
izing 5  c.c.  of  the  filtered  gastric  contents,  and  mixing  this  solu- 
tion with  an  equal  volume  of  carefully  neutralized  milk.  If  rennin 
be  present,  the  milk  is  coaf^ulaled  in  a  few  minutes. 

Rapidity  of  Absorption  from  the  Stomach  is  tested  by 
giving  the  jierson  a  cai»sule  containing  0.1  grm.  of  |>otassium 
iudiJe  and  then  testing  the  saliva  for  the  iodine  reaction.  With 
a  normal  stomach,  iodine  appears  in  the  saliva  zo  to  15 
minutes  after  giving  the  capsule. 

Die  iodine  is  detected  in  the  saliva  as  follows :  Strips  of  filter 
pa|>er  are  soaked  in  starch  mucilage  and  dried.  One  of  these 
papjrs  is  pressed  u\x>n  the  tongue,  removed,  and  then  touched 
with  a  glass  rod  previously  dipi^ed  in  some  yellow  nitric  (nitrous) 
acid     The  a|>|)eiranco  of  a  blue  spot  shows  the  presence  of  iodine. 

The  Motility  or  Motor  Function  of  the  stomach  is  a  mat- 
ter of  importance,  and  its  determination  is  sometimes  required. 
When  the  motility  is  normal  or  increased,  the  food,  even  if  it  is 
not  digested,  is  passed  on  into  the  duodenum  before  any  disturb- 
ance arises  from  lack  of  digestion.  The  motor  function  may  in 
this  way  comiK-nsale  for  lack  of  digestive  jxjwer  in  the  stomach. 
The  lack  of  proper  motor  power,  on  the  other  hand,  may  produce 
dyspeptic  symptoms  where  the  digestive  power  is  normal,  because 
of  the  long  delay  of  the  food  in  the  stumachi  with  secondary  fer- 
mentations. 

Ewald's  Salol  Test  is  the  best  tcit  of  the  motility  of  the 
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stomach.  It  does  not  decompose  until  it  reaches  the  duod 
when  it  forms  phenol  and  salicylic  acid,  which  latter  is  ihefl 
absorbed  and  apjvare  in  the  urine  from  60  to  75  minutes  aftei 
taking  about  0.6  to  i  gim.  in  a  capsule.  Or,  we  may  note  hoM 
long  the  salicylic  acid  continues  to  be  eliminated  by  the  urincl 
If  the  reaction  shows  the  acid  in  the  urine  at  30  hours  or  longer^ 
it  may  be  regarded  as  proof  of  deficient  motility  of  the  stomachj 
Salicylic  acid  is  easily  detected  in  the  urine,  by  wetting  a  piece 
of  filter  pafterwith  this  fluid,  and  dropping  on  the  moistened  spoi 
a  drop  of  a  10  per  cent  solution  of  ferric  chloride.  I'hc  edgeo( 
the  drop  will  assume  a  violet  color  in  presence  of  traces  of  sali*i 
cylic  acid.  These  papers  may  be  dried  and  preserved,  if  neces-l 
sary.  as  recoids  of  the  test.  ^ 

Kleinperer  [X)urs  100  c.c.  (^}i  ozs,)  of  pure  olive  oil  into  the 
empty  stomach,  and  removes  with  the  stomach  tube  what  remains 
after  two  hours,  to  determine  how  much  has  been  passed  into  tbd 
duodenum.  | 

The  Pancreatic  Fluid. — The  pancreatic  fluid  is  the  secre-| 
tion  of  the  i>ancreas,  jwurcd  out  into  the  duodenum  at  the  junc-' 
tion  of  the  middle  and  lower  third  of  the  duodenum  through  the! 
pancreatic  duct.  In  some  lower  animals  there  are  two  ductsJ 
*i"he  rabbit,  dog,  and  cat,  each  have  two  ducts.  The  pancreatic! 
juice  is  a  transparent,  colorless,  odorless,  saltish,  alkaline  fluid, 
effervescing  witn  the  acids.  It  iscomposcii  of  water  90  per  cent. 
and  of  solids  9.93  i>er  cent.  There  are  few  cells,  if  any,  in  it* 
solution,  and  it  is,  therefore,  clear.  The  |>ancreatic  fluid  has  atj 
least  three  ferments,  or  zymogens  that  furnish  at  least  three  fer-. 
ments :  the  dia&ta^ic  ferment,  amylopsin,  allied  to  if  not  iden-| 
tical  with  ptyalin,  trypsin,  a  peptone-forming  ferment, 
pyalin,  a  saiwnifying  ferment. 

The  secretion  of  the  i»ancreatic  juice  begins  as  soon  as  U 
taken,  increases  for  two  hours,  then  falls,  and  a  second  rise 
place  in  from  5  to  6  hours,  when  it  falls  again  to  o  in  about 
hours,  if  no  more  footi  be  taken.  The  most  marked  characterislid 
of  the  pancreatic  secretion  is  that  it  acts  in  neutral  or  alkaline 
solutions  rather  better  than  in  acid  solutions.  A  slight  excess  ol 
HCI  destroys  it  entirely.  Its  most  marked  action  is  upon  pro3 
teids  and  starches,  converting  the  former  into  peptone  with  cerj 
tain  side  products,  and  the  latter  into  maltose,  which  is  afterAvaH) 
rjpidly  changed  into  glucose.  Pancreatic  digestion  differs  frod 
jiepiic  digestion  in  certain  well-marked  features  which  arc  sho 
below: — 


»t  iden-| 
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Acnvi  Persitc—AciD  Mbsivm. 

Fibrin  swells  before  dissolving. 
AssUted  by  MCI. 
Dcitroyed  by  Na^COj. 
Forms  synlooin,  olbumose,  and 
peptones. 

Acts  best  on  albunun. 


Pakckbatin.— Alkaumk  Mediuu. 

Fibrin  corroded  away. 

Assisted  by  Na.jCO,. 

Destroyed  Itjt  IICI. 

Forms  alkali  albumin,  anlipeptonfiy 
bcmipeptone,  leucin,  tyrosin,  by- 
poxanthin,  and  a5pftrtic  acid. 

Acts  best  on  6brin. 


The  jmncreatic  fluid  is  the  chief  digestive  fluid  concerned  in 
the  complete  digestion  of  starch.  It  contains  the  ferment 
amylopsin,  or  pancreatic  diastase,  which  readily  converts 
starch  into  maltose  and  finally  into  glucose.  The  extract  of  the 
pancreatic  gland  is  exceedingly  active  in  its  effect  upon  cooked 
starch.  This  secretion  in  the  new-born  is  destitute  of  amylopsin, 
>vhich  makes  its  first  appearance  at  about  the  end  of  the  second 
month.  Previous  to  this  time,  infants  cannot  usually  digest 
starch.  Some  infants,  however,  seem  to  be  endowed  with  the 
property  of  digesting  starch,  and  it  would  seem,  therefore,  that 
they  must  secrete  some  diastase,  either  in  the  saliva  or  the  ))an- 
creatic  fluid.  The  milk-curdling  property  of  the  pancreatic  lluid 
is  less  marked  than  in  the  case  of  the  gastric  fiuid.  Of  the  fat- 
splitting  ferment  little  is  known,  except  that  a  special  ferment 
exists  in  the  jiancrealic  juice  which  has  this  projjerty.  It  decom- 
poses lecithin  into  ncurin,  and  saponiBes  fats  to  a  slight  extent 
only,  but  sufiiciently  to  assist  in  the  formation  uf  a  jjerfect  emul- 
sion. A  small  amount  of  free  acid  in  the  oil  greatly  assists  its 
emulsification  with  a  diluted  solution  of  sodium  carbonate.  For 
this  reason  a  slightly  raiicid  oil  emulsifies  more  readily  than  a 
neutral  oil. 

The  Succus  Bntericus  is  the  digestive  fluid  secreted  by 
the  mucous  glands  of  the  intestinal  mucous  me nbrane,  principally 
by  Lieberkuhn's  and  Bruuner's  glajids.  The  secretion  from 
linmner*H  glands  contains  protcids,  mucin,  and  ferments.  It  dis- 
solves proteids,  slowly  changes  starch  into  sugar,  changes  maltose 
into  glucose,  and  inverts  cane  sugar.  It  is  a  light  yellow, 
opalescent,  strongly  alkaline  fluid.  The  succus  enterictis  is  most 
active  in  the  dog.  Jts  diastasic  power  is  less  than  that  of  the  saliva 
or  the  {xincreatic  fltiid,  and  when  it  acts  upon  starch  it  forms  glu- 
cose instead  of  maltose.  The  large  intestine  contains  none  of 
this  ferment. 

The  Bile. — The  bile  is  a  viscid,  transparent,  golden-yellow 
colored  hipiid  secreted  by  the  liver.  It  has  a  bitter  taste  and 
alkaline  reaction.     Sjiccific  gravity,  1009  to  X020.     Its  comfiosi- 
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lion  is  highly  complex,  but  is  represented  principally  by  t 

lowing:  — 

Pn  Cvsrr 

Water 91.68 

Mucus  and  pigment,  ...      .129 
Gljrcocholale  of  sodium,         i-O^ 
Taurocholate  of  &ocUum,    .    O.87 


Scwps, 
Fal.  .    . 


"39 

Lecuhm 5J 

Cholesterin, 


The  amount  of  bile  secreted  in  34  hours  is  vanously  stal 
from  1000  to  1700  grms  ,  or  from  23  to  47  ozs.     The  bile  is  pi 
pared  in  the  liver  from  the  large  amount  of  blood  received  by  itJ 
More  is  secreted  during  digestion   than  during   fasting,  and  thi 
per  cent,  of  solids  increases  during  digestion.     In    abstinenc/ 
from  food,  or  with  a  fatty  diet,  little  is  secreted  ;  more  is  secrete* 
with  bread  and  rice,  still  more  with  meat,  but  most  with  a  mixct 
diet.     The  bile  isstored  in  the  gall  bladder  when  not  needed,  ani 
poured  into  the  duodenum  near  the  point  of  exit  of  the  |)ancreati( 
duct.     On  standing,  the  bile  becomes  of  a  brown-yellow  coloi 
and  readily  undergoes  decom]x>sition. 

The  constituents  of  the  bile  are  described  elsewhere. 

The  functions  of  the  bile  are: 

First.  To  assist  in  emulsifying  fats,  and,  in  the  presence  of_ 
pancrealic  juice,  it  assists  in  sa|janifying  a  small  i>ortion. 

Second.  It  readily  wets  the  mucous  membrane,  dissolves 
and  it  assists  in  their  absorption. 

Third.  Checks  putrid  fermentation  in  the  intestines. 

Fourth.   It  precipitates  the  pepsin,  syntonin.  albiimoses, 
peptones  from  the  chyme,  and  stimulates  the  production  of  L 
tinal  juice. 

Fifth.  It  contains  a  diastasic  ferment  which  converts 
into  sugar. 

Sixth.  The  bile  stimulates  the  contractions   in  the    muscul 
coat  of  the  intestines  and  villi,  increases  the  moisture  in  the  iui 
testine,  acts  as  a  lubricant,  and  favors  the  passage  of  the  conf 
of  the  small  intestine, 

A  considerable  portion  of  the  bile  is  re-absorbefi ;  a  [lart  of" 
coloring  m:itter  at  least  bein;;  excreted  by  the  kidneys,  while 
I>art  i>a.sscs  out  with  the  feces.     The  Iiiliary  acids  arc  mostly  al 
sorbed  from  ihc  iliimi  and  jtrjunum,  only  a  trace  being  fom 
the  fjeccs. 

Toxic  Effects. — Obstruction  to  the  discharge   of  the 
leads  to  its  absorption  by  the   lymphatics,  giving  rise  to  c\u 
Isemia,  or  absorptive  jaundice,     'i'he  coloring  matter  passes  inu 
the  circulation  and  stains  the  tissues  yellow.     The   eifect    upoi 
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I         the  heart  is  to  produce  a  slow  pulse  and  respiration^  low  tempera 
I         ture,  irritation  of  the  skin,  lassitude,  headache,  and  coma. 


Chemical  Composition  of  Faeces. — An  adu!l,  upon  a 
mixed  diet,  ;xisses  about  120  10  150  grms.  of  moist  excrement  in 
twenty-four  houre.  A  vegetable  diet  increases  the  weight.  If 
much  indigestible  food  be  taken,  it  may  be  as  much  as  500  grms. 
The  consistency  dei>endsui>on  the  amount  of  water  present,  which 
is  usually  about  75  percent.  A  pure  flesh  diet  gives  a  comparatively 
dry  faeces,  while  sulwlances  rich  in  sugar  yield  faeces  with  a  com- 
paratively large  amount  of  water.  The  quantity  of  water  taken 
has  no  influence  ufKin  that  foimd  in  the  faeces.  The  water  in  the 
faeces  seems  to  be  in  direct  ratio  with  the  energy  of  the  peristal- 
sis. The  f«ccs  have  a  neutral,  sometimes  alkaline,  and  rarely 
acid,  reaction.  The  alkalinity  is  derived  from  the  ammoniacal 
fermentations,  while  the  acidity  is  from  the  lactic  and  butyric 
acid  fermentations.  Acetic  and  propionic  acids  have  also  been 
found  in  the  fceces.  The  copious  secretion  of  mucus  favors  the 
occurrei^ce  of  the  neutral  or  alkaline  reaction. 

The  color  depends  upon  the  amount  of  altered  bile  pigment 
mixed  with  them,  to  which  the  bright  yellow  to  dark-brown  color 
is  due.  The  color  of  the  food  is  sometimes  imparted  to  the 
faeces.  If  much  blood  be  present,  that  is,  after  hemorrhages,  tlie 
faeces  are  brownish-black  from  hcmaiin.  Preparations  of  iron, 
bismuth,  or  lead,  taken  by  the  mouth,  color  the  fieces  black 
from  the  formation  of  the  sulf)hides  of  thfse  metals.  Some  green 
vegetables  impart  a  brownish  green  color,  due  to  chlorophyll. 
'I'he  green  color  of  infants'  faeces  is  believed  to  be  due  to  butyric 
and  lactic  fermentation,  and  the  action  of  these  acids  upon  the 
biliary  coloring  matters.  In  adults  greeu  ]»assages  may  be  due  to 
a  green  microscopical  plant,  or  chlorococcus. 

The  disagrecai^e  o<lor  of  normal  fieccs  is  due  in  great  i>art  to 
indol  and  skatol.  These  are  products  secreted  by  the  putrid 
bacteria,  and  come  from  the  decomposition  and  transformation 
of  albuminoid  matters.  Hydrogen  sulphide,  and  sometimes  a 
Irare  of  hydrogen  phosphide,  contribute  lo  the  odor  of  faecal 
matter. 

The  faeces  contain,  first :  Alimentary  substances  which  arc 
assimilable,  but  which  had  been  taken  in  excess,  as  starch,  fatty 
matters  in  notable  quantities,  and  a  small  proportion  of  non- 
assimilable proteids. 
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>ec:^r^z.  Indiireiaib'it  substaBces.  snch  as  vegetable  fibre,  celli 
ic»t.  c:.u')r>:invLi.  irums.  itectic  substances,  resins,  elastic  tisiM 
e;i.Qi-mji-  ::^^u^.  ipjid.m?*.  dixTTse  coloring  matters,  nuclein,  chi 
;  :..  ::t.-«.i.::i>ir  sl.::.^  silicates,  insoluiile  sulphates,  azninoniuiii 
iii^;:*.i^>..:n'.  :i:i:is:i::att-.  and  caicium  phosphate). 

Tt  r:i  }'r.c:l^:^  cominc  trc>:ti  the  digestive  tnbe  itself;  intes 
zi\j.'.  m:i.\!^.  r:t.::i:lia.  oelU.  biliary  acids  (in  part  transformed  a 
al'L'Vt  atf>::r:>ti  .  chc»ies:eriii.  lecithin,  and  bacteria. 

}  Dur::^.  Su':>s'.:ir>ce!^  which  failed  of  absoqidoti,  as  emnlsifiec 
fatty  marter-..  tiit  free  I'atri"  acids,  leucin.  and  biliarv  acids. 

f'lzizi.  l>f  ccmiios  :ic»r  TTroduots  due  to  microbic  action,  as  the  free 
ffc.:iy  acids  fr:»x  aceric  n]-  lo  palmitic,  this  last  quite  abundant ;  akc 
S-tyri-. .  :s'.>:»-jryric  and  lactic  phenol,  cresol.  indol,  skaiol,  ster- 
C'jr,:..  fX'_Te::r..  aaivj.^nium  carbonate  and  sulphide,  amins,  axnids, 
;r.o:i.ia;n--.  ifjcir..  :yrc»>:n.  phenylpropionic,  phenylactic  and  para- 
Jrycr'jxiip-.tTjyiactic  acids.  Some  of  these  bodies,  especially  ih* 
jy.-j:!iii'ri-.  ac  i*.  :-rieni:tis,  and  coloring  matters,  are  absorbed',  the 
]y,K\'.'-  ;i-?-  :.*:  :r.::i  :rie  vsint  iTi  coaabinaiion  with  sulphuric  add. 
a*:  s...;  •  -T*.  e",*-r>. 

h  >:'.'.  y  j-r.t:.'.;.  Ihe  Torments  found  -ire  stercobilin,  hema- 
rr..  '.  .  i-^;.  ;,  ^"r^ti/.^   hycr.'":':iirub;n.  and  food-coloring  matters. 

Sfr'.T'  v..  OiL^'r-.  I  r-t  :>r:i:n  of  ihe  gases  of  the  intestine  is 
j/vT'l:  :  y  *i..-:;  f.jrrn^r.:.;:  ;«ri,  jianixlly  from  air  swallowed  with 
i'yy:  t:.',  cr  :.k.  a.r,i  parriri'iy  frc^m  diffusion  from  the  blood  or 
ov.' r  ♦^-:'r-.  'i":.e  ja^e?  are  comjfcosed  of  hydrogen,  niirogen. 
'  ii*"j'y,  ',  -j^-  'i^r.  ar.-i  :iiar>h  i:a>.  The  composition  varies  con- 
M':'-rf..!y  \M'.-.  tij'r  <.:*ara'.;er  c>f  the  food,  and  the  character  of  the 
\'t:r:ur'.:i.\:'j\.  t'.t  kngth  of  t^me  the  food  remains  in  the  diges- 
I'VT '..iv-A..  a;,-:  The  activity  of  the  diiiesiion.  The  discharge  of 
'.ar'vA'i  »:  ox  'i,  fre'i'jcntiy  very  creat,  which  is  rapidly  produced 
jn  'u\^\fj:t  -A  jA-ry>tjs,  probibiv  comes  from  diffusion  of  the  gases 
ij*j'n  wnt  u\'y}'i  into  the  intestine  and  stomach.  Marsh  gas  is 
'i».-r;v'-d  U'tw.  ti.c  fermentation  of  cellulose  and  other  similar 
b'>«jit-.--  'Die  uiiro^fcn  gas  comes  partially  from  swallowed  air, 
b'Jt  ih  ?;!imIj  ;/art  fr'>m  the  blood  and  putrefactive  fermentation. 
'i'lie  (o]iowin;z  fig^jres  give  the  analysis  of  icxx>  parts  of  fresh 
cxfjrein«:iit  ;  — 

Al'Vlt  Max.  Infaxt. 

\^a'"r, ;;;.  851.3 

i-:i"i  .'■•jli'i-, 267.  I4S>7 

'Im^i!  oi^inic  rnatKrr, 2<>S.75  *57-l 

Mill' Tj]  matter "3.95  I3.6 

AlimenUiry  residue, 83.  .    -    ■ 

The  analyses  of  excrement  have  their  importance,  principally 
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as  a  guide  to  the  assimilation  or  malassimilation  of  food,  and 
also  because  the  excrement  of  various  animals  is  employed  as  a 
fertilizer.  The  meconium,  or  the  residue  which  accumulates  in 
the  intestinal  canal  during  fa;tal  life,  and  which  is  passed  soon 
after  birth,  contains  bilirubin  and  hilivcrdin  \n  abundance,  also 
liiliary  acids,  some  fatty  acids,  the  alkali[ie  sulphates,  chlorides, 
and  the  phosphates  of  calcium  and  magnesium.  It  does  not  con- 
tain urobilin,  glycogen,  peptone,  lactic  acid,  leucin,  or  tyrosin. 
Two  jjeculiar  substances  are  found  in  fieces  which  do  not  occur 
elsewhere  in  the  body.  These  are  excretin  and  stercorin,  or 
serolin.  Excretin  may  be  obtained  from  the  fxces  by  making 
an  alcoholic  extract,  and  keeping  it  for  a  considerable  lime  at  a 
temperature  below  o°  C.  (32°  Fj,  when  there  is  def)Osited  an 
olive-colored  ^'ranular  body,  having  a  ftecal  odor  and  acid  pro|> 
crties,  from  which  Marcet  has  named  it  cxcrctoleic  acid.  It 
resembles  cholesterin  in  its  properties.  Stercorin  is  a  body 
closely  resembling  cholesterin,  and  has  frequently  been  con- 
founded with  it.  It  may  be  obtained  from  the  dry  (aaces  by  ex- 
hausting with  ether,  filtering  through  animal  charcoal,  and  allow- 
ing the  ether  to  evaporate.  Stercorin  is  left  in  the  form  of  small, 
needle-shaped  crystals,  frequently  in  radiating  groups. 
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Milk  is  the  secretion  of  the  mammary  glands,  the  presence  of 

which  is  characteristic  of  the  mimmalia.  The  milk  of  different 
animals  differs  somewhat  in  comi>osition,  but  always  contains  the 
sauie  constituents.  It  contains  all  the  necessary  coustituents  of 
a  perfect  food,  and  is  intended  for  the  nourislimcnt  of  the  young 
until  they  are  able  to  live  upon  other  foods.  Milk  is  an  opaque, 
white  fluid,  containing  fat  globules  in  suspension,  albumin,  sugar, 
and  sails  in  solution,  and  casein  m  partial  solution.  The  reaction 
of  human  milk  js^enerally  feebly  alkaline;  that  of  the  cow  is 
usually  neutral  or  family  acid,  while  that  of  the  carnivora  is  gen- 
erally acid.  Milk  readily  l>ecom;:s  acid  or  sour  on  exposure  to 
the  air,  due  to  lactic  fermentation.  Microscopical  examination 
reveals  the  fat  in  a  state  of  perfect  emulsion,  the  fat  globules  re- 
maining suspended  and  separate  from  one  another.  The  fluid 
seen  between  the  globules  is  not  perfectly  clear,  but  contnins 
small  granules  of  casein,  which  may  be  filtered  out  by  passing  it 
through  a  clay  filter.  The  milk  which  is  secreted  for  the  first  few 
days  after  parturition,  shows  the  presence  of  a  few  corpuscles 
peculiar  character.    Tliese  corpuscles  seem  to  be  epithcl 
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conuinirii;  fat  gloUiilcs.  which  they  have  not  yet  liberated 
11k-(*  icl^  :irc  (\illtd  colostrum  corpuscles,  and  the  milk  o 

tiic*  fir^t  lew  i!.:\>  itf  lat  tation  is  tailed  colostrum.  It  is  believei 
Ity  >onK-  tli.it  lath  :at  ccrj  um  le  is  surrounded  by  a  shell,  or  mem 
brar.e.  oJ  ustin.     (  Uhers  deny  the  existence  of  this  membrane 

'I  ix'  ^i^ecifK  icraviiy  of  milk  is  usually  determined  with  thi 
hyclri'inetcr.  I  he  <\  ccii'c  gravity  of  cow's  milk  varies  from  io2< 
to  10:5.  All  excess  of  fat  lowers  the  specific  gravity,  and  th( 
rtnioxal  if  at  raiyes  it.  The  addition  of  water  will  lower  th« 
s|  e<.ific  ;;raviiy.  'I  hese  facts  are  made  use  of  for  the  detection  o: 
the  orciir.ary  adnlttration:!  of  milk. 

'Ihc  .iiiuMint  of  milk  secreted  varies  with  the  health  of  th< 
ai.imal.  the  air.oiint  of  food  taken,  and  various  other  conditions. 
'l"l:e  an.(ii;nt  >e(  rctcd  by  a  woman  each  day  is  about  one  liter 
A  j^'mkI  f  ow  ^ec^^.-tes  about  7  to  10  liters.  The  coni].x>sition  01 
II. ilk  varies  in  different  tlass<5  of  animals  with  the  state  of  nnlri' 
ti'iii  rjt  the  aiiiniab  the  constitution,  the  age,  the  period  of  lacta 
lidn.  iird  *J  <•  <li:iT:i(  ttr  of  the  U^d. 

Composition  of  Milk. — The  published  analyres  of  milk  an 
\(-ry  iii;!i.er'»ii>.  ami  the  oU'.cr  analyses  made  by  older  method: 
r)  Ki.r  M*ii  cv\li:ii  honi  the  an;il\sts  matle  by  more  recent  methot's 
'i  l.e  (  Ml. I  .iraiive  cunij-t  >iiion  ut  human  milk  and  of  cow's  milti 
i-  ;::vt  n  m  tl.e  h/ilowinir  tabic  :  — 

ANAiY-»rs  01    Ilr«.\N  MiiK  ani»  Cow's  Milk  (K'niig). 

Ml.^N.       MlMMI'M.     MaxIMI'M.      Mi'.AN.  MlMMl'M.  M.VXIMrsi. 

Wairr,   .    .    .  S7.0(^  ^.> -^  (*o.<K)  S7.41  80.32  9>-5o 

Total  ^oliil-.,  .  1 2.91  9.10  it>..>i  11.59  S'SO  19.0S 

lui (.'/>  1. 71             i.lvQ  3.66  1.15  7.09 

Miik  '-u';;ir,    .  6.04  4,11            7. So  4.i)2  3.20  5-6? 

<!:iviii,   .    ,    .     0,6^  0,18             1.00  ^^.oi  1. 17  7.40 

Allium'  n.  ,    .  I.  ^i  f>.39           2.35  o.7S  0.2I  g.04 

Alljcuiiin' id^,  1. 91  0.57           4.25  3.76  1. 38  I  ^-44 

AOi,   ....  0.49  0.14              ?  0.70  0.50  0.78 

Ik'sidcs  till-  ronstituents  mentioned  in  the  tal>le,  milk  aUo  con- 
tains very  sniall  ipiaiuities  of  certain  extractives,  among  which 
arc  creaiin.  lencin,  the  odnroiis  principle,  etc.  It  also  usually 
contains  certain  jiiases.  principally  carbon  dioxide,  oxygen,  and 
nitr()f4en.  Colosir.nn  coniainsa  lar^tr])roporlion  of  solid  mattei 
than  ordinary  mill;,  a  larger  amount  ofalbmninoid  materials,  and 
less  sugar. 

The  proteids  which  occur  in  milk  are  probably  three  in  num- 
ber— caseinogcn,  lactalbumin,  and  lacto^lobvilin.     Lacto-protear 
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and  i>ei)tone  have  also  been  descri!)ed  by  some  obsen'crs.  When 
milk  is  allowed  to  stand  at  the  ordinary  tem|jerature.  a  part  of 
its  laclose  is  converted  by  fernicniatioii  into  lactic  acid.  When 
this  has  accumulated  to  a  considerable  extent,  the  caseinogen  is 
precipitated.  When  milk  is  treated  with  rennin,  or  gastric  juice 
containing  this  ferment,  the  caseinogen  is  rapidly  converted  into 
casein,  and  at  the  same  time  coagulation  or  precipitation  occurs. 
When  rennet  is  added  to  cow's  milk,  the  result  is  a  coherent 
clot  or  curd  and  a  clear  yellowish  fluid  called  whey.  The  curd 
contains  the  fat  entangled  with  the  casein.  The  whey  contains 
the  albumin,  sugar,  and  salts.  In  human  milk  the  curd  is  formed 
of  smaller  flocculi»  and  the  same  apjiearance  may  be  produced 
with  cow's  milk,  if  it  is  previously  boiled  or  diluted  with  lime 
water.  Caseinogen  is  often  compared  to  alkali  albumin  ;  the 
latter,  however,  does  not  coagulate  with  rennet,  and  is  readily 
soluble  in  acids,  while  caseinogen  is  not.  Caseinogen  resembles 
the  globulins  somewhat  in  its  behavior  with  neutral  salts.  The  glo- 
bulins, however,  coagulate  when  heated,  while  c-aseinogen  does  not. 

Casein. — This  name  is  sometimes  restricted  as  above  to  the 
proteids  formed  by  the  action  of  rennet  and  acids,  from  the  case- 
inogen of  milk.     Casein  is  the  chief  constituent  of  cheese. 

Lactalbumin. — After  the  precipitation  of  the  casein  by 
acetic  acid,  this  [)roteid  is  left  in  the  solution.  The  scum  which 
forms  an  the  top  of  milk  on  boiling  is  probably  formed  by  the 
roagulaiion  uf  a  jurt  of  the  lactalbumin. 

The  lioiling  of  milk  before  it  is  used  as  food  is  advantageous, 
in  that  all  germs  oi  disease  are  destroyed,  and  that  the  rennet 
gives  a  floccular  instead  of  the  heavy  curdy  pre*  ipitate.  The 
lactalbumin  ismoditied  by  the  boiling,  and  precipitates  on  adding 
acid  to  the  cold  boiled  milk. 

LactoglobuUn. — Various  observere  have  discovered  other 
proteids  than  the  two  mentioned  above.  Lactoglobulin,  whey 
proteid,  lactoprotein,  proteoses,  peptones,  and  nuclei n,  have  l>ecn 
mentioned  as  occurring  in  milk,  but  our  knowledge  of  them 
is  so  slight  that  we  will  pass  them  with  the  mere  mention. 
The  lactoglobulin  has  the  properly  of  liquefying  cooked  starch, 
and  of  partially  digesting  it.  This  property  is  destroyed  by 
sterilization. 

Fat. — The  chemical  com|>osltion  of  milk  fat  is  very  nearly 
like  that  of  adi|»ose  tissue,  with  small  quantities  of  the  triglycer- 
ides of  butyric,  caproic,  caprylic,  myristic,  and  arachinic  acids. 
Milk  also  contains  minute  quantities  of  lecithin,  cholesterin,  and 
yellow  lipochrorac. 
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Cream  ts  sitnplf  the  upper  Uyers  of  milk  which  ha»  been 

scsody  and  in  which  the  &t  globules  are  more  nuinenMB  thai 

whole  milk.     The  axDoaxit  of  cream  that  will  separate  from 
ii\k  in  24  hoois  is  sonctimes  made  nse  of  as  a  ccst  for  the  rid 
A  fair  market  milk  will  gire  from  10  to  12  per  cent 
,  while  good  milk  will  frequently  give  from   15   to  to  per 
cent.,  or  even  more. 

Butter  is  the  fat  of  milk  in  which  the  fat  globoid  are  bcokeo 
up  by  mechanical  agitation  in  the  chum.     About  one-sixth 
hi  remains  in  the  buttermilk.     Buttermilk  contains,  thi 
,about  from  0.5  to  1  per  cent,  of  fat.      Butter  also  contains 
■quantities  of  casein  and   lactose.     Butter  from    human    milk 
richer  in  fluid  fats  than  that  made  from  cow's  milk.      By  exi 
to  the  air,  butter  beconoes  rancid,  due  to  the  breaking  up  of 
of  the  glycerides  of  the  Catty  acids. 

Milk  Sugar,  as  will  be  seen  in  the  above  table,  occurs  co  the 
extent  of  about  4.5  per  cent,  in  cow's  milk,  and  about  6  per 
cent,  in  human  milk.  The  characteristics  of  this  sugar  have  been 
described  in  Part  V. 

The  Salts  of  milk  are  the  phosphates  of  potassium,  sodium,^ 
calcium,  and  magnesium,  with  chlorides  of  potassium  anJH 
sodium,  and  a  trace  of  iron,  which  is  in  combination  in  the^ 
nuclei  n. 

Sterilized  and  Pasteurized  Milk. — Onring  to  the  ease  with 
which  milk  undergo^  the  lactic  fermentation  and  becomes  soar, 
various  methods  have  been  tried  to  pre^rvc  milk  for  use  in  targe 
cities.  Subjecting  the  milk  to  a  low  temperature  has  been  in  use 
for  a  long  time,  and  is  of  great  sen'ice.  Milk  kept  at  a  teaii^era- 
ture  of  about  to®  C.  (50°  F.)  will  keep  s*-eel  for  a  number  o( 
davs. 

For  use  as  a  food  for  infants,  this  has  b^n  found  to  be  irnprac-l 
ticable.     Even   with  the  greatest  precaution,  the   lactic   feriuent 
will  slowly  progressand  will  grow  in  such  abundance,  as  soon  as 
the  food  is  taken,  as  to  disturb  the  child's  digestion.     This  may 
and  often   is  prevented   by  heating  the  fresh   milk  to    xoo**  C 
(212°  F.)  for  15  to  20  minutes^  and  then  closing  it  up  in  an  air-J 
tight  bottle  or  jar  until  needed    for  use.      This    '*  sterilized^ 
milk*'  is  to  be  found  in  the  markets.  It  has  not  met  the  succea 
in  use  that  was  at  first  expected.     The  he;it  coagulates  the   lact-, 
albumin,  the  globulin,  and   modifies  the  casein.     On  acidifying'^ 
stcrilired  milk  all  the  proteids  arc  precipitated  at  once  in  a  firm 
curd  that  doss  not  afterward  dis^eit,  brit  appears  in  the   fse  cj. 
Experience  showi  that  children  fed  up^n  this  milk  do  n^t  thrive. 
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The  temperature  at  which  these  changes  in  the  proteids  begia 
is  about  75°  C.  (167°  F.).  If  milk  is  heated  to  this  lemijerature. 
and  not  above,  many  organisms  are  killed,  and  others  so  weak- 
ened tlut  the  keeping  quality  is  greatly  improved,  wiihout  alter- 
ing the  tasre  or  com|X3sition.  This  process  is  called  Pasteuriza- 
tion, and  is  now  used  to  preserve  milk  for  use  as  a  food  for 
infants- 
Modified  Milk. — 'By  this  terra  is  meant  cow's  milk  that  has 
been  changed  in  composition  so  as  to  resemble  the  comi>osition 
of  human  milk.  As  the  cascinogcn  of  cow's  milk  is  about  three 
or  four  times  that  of  htiman  milk,  and  the  albumin  is  but  half 
that  of  human  milk,  there  is  a  very  decided  difference  in  the 
digestibility  of  the  two.  Renniii  coagulates  the  caseinogen  only. 
The  curd  formed  in  the  stomach  from  cow's  milk  is  more  abun- 
dant and  forms  lough  mavses,  difficult  to  digest,  while  that  from 
human  milk  is  slight  in  amount  and  floccuUnt. 

The  sugar  of  cow's  milk  is  present  in  about  4.5  percent.,  while 
that  of  human  milk  is  nearly  2  per  cent,  higher.  These  differences 
in  comi>osition  make  it  necessary  to  modify  the  composition  of 
cow's  milk  for  the  successful  nourishment  of  many  infants. 
Various  methods  have  been  prot^osed  for  accomplishing  this,  and 
have  led  to  the  production  of  numerous  preparations  put  upjn 
the  market  as  baby  foods. 

The  most  successful  of  the  attempts  to  modify  row's  milk  to 
imitate  human  milk,  is  a  mixture  of  milk,  cream,  water,  lime 
water,  and  milk  sugar,  made  tocorrespond  to  theavcrage  analysis 
of  human  milk,  and  the  mixture  Pasteurized. 

The  milk  used  for  this  process,  a-i  well  as  the  cream,  must  be 
fresh,  and  the  cream  should  be  of  nearly  constant  composition. 
The  only  way  to  secure  this  is  to  use  cream  separated  by  the 
centrifugal  machine. 

With  such  a  cream,  containing  20  per  cent,  of  fat,  the  follow- 
ing proporlions  will  give  very  nearly  the  composition  of  average 
hnniau  milk  (Rolch)  :  — 


Milk, 3  parts,  or, 

Cieitm, 3  parts, 

Water. lo  parts, 

Lime  wnter, t  pan, 

Milk  sugar }i  port, 


Milk 4  fluid  ounces. 

Cream 6  (lutd  ounces. 

Water.    .....  20  fluid  ounces. 

Lime  water,    ...    a  fluid  ounces. 
Milk  sugar,     ...    7  drachma. 


It  is  generally  thought  best  to  add  the  lime  water  at  the  time 
of  feeding,  but  the  author  tus  usually  added  it  before  Pasteur- 
izing. 


The  analysis  of  the  above  mixture  will  be  about  as  followj 
a  good  milk  is  used  : — 


Water, 
Solids, , 


-  -  11.58 


Tflt 4 

Albumiaoids.  .    .    .1.11 


The  albuminoids  in  this  mixture  are  too  small  in   amount 
most  children  after  the  first  three  months,  and  the  railk  andci 
should  then  be  used  in  equal  volumes,  for  practical   exi 
has  ^hovvn  rhat  children  ihrive  Uuteron  the  latter  pro]x>rtions.| 

Changes  in  Milk  Produced  by  Disease.— The 
of  a  strong,  healthy  woman  is  more  nourishing  than  that 
the  weakly,  sickly  woman.  The  character  of  the  secretion 
milk  in  the  human  subject,  as  well  as  in  some  of  the  loi 
animals,  is  greatly  varied  by  the  emotions,  and  milk  secrei 
during  periods  of  excessive  mental  excitement  has  frequeni 
proven  [loisonous  to  the  young.  Certain  dnigs  pass  throui 
the  mother  into  the  milk,  as,  for  example,  iodine,  arsenic,  aDi 
mony,  lead,  zinc,  bismuth,  and  mercury.  Opium  and  raorphiij 
although  they  may  not  be  detected  in  the  milk,  have  frequent] 
passed  into  the  milk  in  suf!icient  quantities  to  narcotize  the  li 
fant.  In  the  cow  the  cliaractcr  of  the  food  and  the  state  of  tl 
health  has  an  important  bearing  on  the  composition  of  the  niil| 
In  cases  of  the  cattle-plague  the  milk  has  been  found  to  contal 
blood.  The  milk,  in  cases  of  tuberculosis,  a  common  disease  I 
cows,  is  capalilc  of  communicating  this  disease  to  calves,  as  wfi 
iis  to  human  suhjerts.  Milk  from  tuberculous  cows  bhotild  nev| 
be  used.  1  he  milk  Irom  foot-and-mouth  disease  is  also  injuHoii 
Milk  is  often  the  carrier  of  the  infection  of  contagious  diseasq 
as  measles, scarlet  fever,  di|'hlheria,  small-pox.  and  typhoid  fevflj 

Milk  is  a  good  cultivating  medium  for  the  growth  of  varioj 
bacteria,  and  several  characteristic  bacteria-protUicing  colorid 
matters  occur  in  milk,  one  giving  it  a  blue,  another  a  pnrpl 
red,  and  another  a  yellow  color.  Milk  is  sometimes  renderJ 
poisonous    by    certain    l^acterial    growths.     These    |X>isons 

either  ptomains  or  tox  albumins  produced  by  the  growth  of  th< 
bacteria. 

The  Adulterations  of  Milk. — The  adulterations  usual 
practiced  are,  the  extraction  of  crt*am  and  the  addition  of  wall 
or  both.  Occasiunally  the  addiliou  of  some  foreign  substam 
as  sodium  carbon.Ue,  conmiou  salt,  or  sugar,  is  met  with. 

The  detection  of  the  adulterations  of  milk  usually  dei>ei 
upon  the  determination  of  the  specific   gravity,   the    fat, 
solids,  and  the  ash.     The  quantity  of  these  ingredients  is  not 
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fectly  uniform,  and  hence  certain  limits  of  allowable  variation 
have  been  determined  upon  from  time  to  time.  The  standard 
adopted  in  many  Stales  in  this  country  is,  a  s|)ecific  gravity  not 
less  than  1029,  and  total  solids  not  less  than  12  percent.,  of  which 
3  [>er  cent,  shall  be  fats.  The  legal  limits  for  total  solids  vary 
from  T2  to  13  per  cent.,  and  the  solids  not  fat  from  S.5  109.5 
per  cent.  The  Society  of  Public  Analysts  of  Great  Britain  have 
adopted  for  total  solids,  11.5,  fat,  3,  and  solids  not  fat,  8.5  per 
cent. 

Milk  Testing.  —There  is  no  instrument  of  simple  construc- 
tion which  will  with  certainty  detect  the  presence  of  a  small 
amount  of  adulteration  in  milk.     The  lactometer,  or  lacto- 
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densimeter,  which  has  been  employed  very  largely  in  the  sani- 
tary insp'Ciion  of  milk,  is  a  hydrometer  with  a  scale  covering 
the  variations  usually  met  with  in  milk.  (See  Fij;.  64.)  The 
lactometer  of  the  New  York  Uo;ird  of  Health  i-j  a  hydrometer 
on  which  the  scale  is  so  constructed  that  100°  indicate  a 
S|)ecific  gravity  of  1029,  the  supiKwed  low^t  specific  gravity  of 
pure  milk.  The  space  l)etween  1000,  the  specific  gravity  of 
water,  and  1029  is  divided  into  100  arbitrary  degrees.  The 
sca.le  is  extended  to  120°,  which  corresponds  to  a  si^cific  gravity 
of   1034.    When   taken  alone  it  is  of  very   tittle   value.     If, 
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however,  it  be  taken   with   the  estimation    of  either    Kj 
solids  or  the  fat,  it  is  of  considciable  service.     In  very 
tional  cases  the  milk  of  a  single  cow  may  have  a.  sijecific  grai 
below  1029,  but  such   milk  should  be   regarded    as  abnomi 
Such    depression  of  the   specific   gravity   never    occurs    in 
mixed  milk  of  several  well-fed  cows.     A  specific  gravity 
1029,  therefore,  unless  accompanied  by  an  excessive  aiDOunI 
fat,  may  be  taken  as  evidence  of  contamination,  probably 
water.     The  fat  for  such   examinations  may   be   estiruated 
the  creamometer,  or  by  some  form  of  lactoscope,  or  the 
butyronieter.      The    creamometer,    or  cream   gauge,    is    sink] 
a  graduated  cylinder,  the  graduations   being  y^  of    the 
ca]>acity  of  the  cylinder  to  the  O  mark.     (See  Fig.    64.) 
milk    is   added   in    the   cylinder   to   this   lero    mark,    and 
lowed   lo    remain    at   rest    for   twenty-four    hour>>,     when 
number  of  the  divisions  covered  by  the  cream  is  read  ofT.     T 
should  not  be  less  than  10  per  cent.     The  lactoscope  depei 
upon  the  fact  that  the  opacity  of  the  milk  is  pro|^)ortional   to 
amount  of  fat   which   it   contains.     In    Fcser*s    lactoscof 
(Fig.  65),  a  measured  volume  of  milk  is  placed  in   a   graduaU 
vessel,  ji,  by  means  of  the  pipette,  B,     It  is  then   diluted  wi 
water  until  the  black  lines  of  the  inner  cylinder  of  opaque  whj 
glx*)S  can  be  seen  through  the  layer  of  the  mixture  between  tl 
walls  of  the  inner  and  outer  cylinders.     It  is  then  only  necefeaj 
to  read  off  the  jx-r  cent,  of  fat  on  the  scale  of  the  outer  cylind3 
This  method  of  determining  the  fat  in   milk,  although  answfl 
ing  for  the  purpose  of  municipal  control,  is  not  to  be  depend! 
upon  for  scientific  puqjoses,  or  as  evidence  upon   which   to   ba 
legal  proceedings.     The  lactoscope  is  of  value  in  estimating  n 
fat  in  human  milk  for  clinical  purposes.     In  a  large  exj^eriei 
with  this  instrument  the  author  has  seldom  seen  the  readings  Vj 
more  than  .3  per  cent,  from  the  accurate  methods.      Usually  il 
much  nearer  than  this. 

The  Chemical  Analysis  of  Milk. — An  easy,  rapid, 
satisfactory  method  for  estimating  the  fat  in  milk,  is  that   knoi 
as  the  Werner-Schmid  Process.     Ten  c.  c.  of  the  milk 
measured  out  into  a  long  lest  lube,  holding  50  c.  c.  and  gradi 
at  every  10  c.  c,  and  treated  wiih  to  c.  c.  of  strong   HCl 
desired,  the  milk  maybe  weighed  into  a  small  beaker  glass 
then  washed  into  the  test  tube  with  the  acid,  when  the  test 
need  not  be  graduated.     After  mixing  the  milk  and  acid  toffeihi. 
the  mixttire  is  brought  to  a  boil,  or  it  is  loosely  corked  and  heati 
>  a  water  bath  for  5  or  10  minutes,  or  until  the  liquid  turns  broi 
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but  not  black.  The  tube  and  contents  are  then  cooled,  lo 
c.c.  of  well-washed  ether  added,  corked,  and  the  nnixture  well 
shaken.  As  soon  as  the  ether  separates  from  the  remainder  of 
the  fluid,  the  cork  is  removed  and  the  wash-botile  arrangement, 
shown  in  Fig.  66,  inserted.  The  lower  end  of  the  exit  tube  is 
now  adjusted  by  sliding  it  in  the  cork  so  that  it  is  just  above  the 
line  of  separation  of  the  two  fluids.  The  ether  solution  of  the  fat 
is  now  blown  off  into  a  weighed  beaker  or  flask.  Two  more  por- 
tions of  ether  of  lo  c.  c.  each  are  added,  shaken  up,  and  blown 
off  into  the  first  portion.  The  ether  is  now  distilled  off  and  the 
fat  liried  in  a  water  oven  and  weighed.  The  amount  of  fat  so 
obtained  represents  that  contained  in  lo  c.  c.  of  milk,  or  in  the 
amount  weighed  out. 

The  results  agree  quite  closely  with  the  Adams  method  de- 
scribed below. 

The  total  solids  and  water  are  determined  by  placing  in  a 
weighed  platinum  dish,  a  weighed  quantity  of  the  milk  lo  be 
tested,  say  about  5  grms.  This  is  then  placed  upon  a  water  bath 
and  evaporated  to  dryness.  It  is  now  transferred  to  the  water 
or  air  oven,  and  dried  at  100**  C  until  it  ceases  to  lose  weight. 
The  loss  in  weight  represents  the  water,  the 
residue  represents  the  total  solids.  Where 
great  accuracy  is  unnecessary,  the  fat  may  be 
determined  in  the  residue  by  treating  it  with 
warm  ether  and  |>ouring  this  through  a  small 
filter,  and  repeating  this  process  until  the  fat  is 
completely  dissolved  out,  which  will  require 
usually  about  75  c.  c.  of  ether.  The  ether 
is  allowed  to  eva)x)rate  and  the  fat  which 
remains  l>ehind  is  weighed  ;  or,  the  residue 
left  in  the  dish  may  be  again  weighed,  when 
the  difference  between  this  weight  and  the 
weight  of  the  dry  solids  will  give  the  amount 
of  fat.  The  results  are  about  0.3  too 
low.  The  .ish  may  now  be  determined 
by  igniting  the  residue  left  after  treatment 
with  ether,  at  a  dull  red  heat,  until  all  the 
organic  matter  is  burned  off,  weighing  the 
residue,  and  calculating  il  as  ash.  For 
many  purposes  the  fat  may  be  calculated 
irom  the  sitecific  gravity  and  total  solids. 
This  is  especially  useful  in  the  clinical  ex- 
amination of  human  milk.     It  rests  upon  the  assumption  that 


Fig.  66. 


u 


MBDICAL    CHEMISTRY. 

every  per  cent,  of  milk  solids  not  fat,  raises  the 
gravity  by  a  definite  amount,  while  every  per  cent,  of  j 
lowers  it  by  a  definite  amount.  An  accurate  determinate 
of  the  specific  gravity  and  total  solids  will,  therefore,  furnish  t 
necessary  data  for  calculating  the  amount  of  fat.  The  fonnuljij 
■which  the  calculations  are  made  is  that  of  Hehncr  and  Rid 
mond.  It  is  as  follows  :  F.  =0.859. T.  —  o.2iS6  O.,  in  wlj 
F.  ^=  fat,  T.  =  total  solids,  and  G.  =  specific  gravity, 
pressed  in  the  third  and  fourth  figures.  Or,  when  the 
known,  the  formula  may  be  transposed  so  as  to  calcu] 
total  solids,  as  follows  : — 

F +  0.2186  0. 


T  = 


0.859. 


The  s|x;cific  gravity  must  l>e  determined   with  care,  and 
rapidity  only  5  c.  c.  of  milk  are  eva[»orated  to  dryness  to  del 
mine  the  total  solids.     I'his  may  be  conducted  in  a  watch  gli 
using  2  or  3  c.  c.  if  a  platinum  dish  is  not  at  hand. 

To  illustrate  the  use  of  these  formulae,  let  us  assume  in  ' 
examination  of  a  given  milk  that  the  specific  gravity,  or  G,  l 
found  to  be  1050.  that  the  total  solids,  on  examination,  gave 
f)er  cent.    Substituting  these  figures  in  the  above  formula, 
have: — 

Fat  =  .859  X  12  —  .2186  X  30  ^3.75. 

Or  if  the  fat  has  been  determined,  instead  of  the  total 
and  found  to  be  3.75  per  cent.,  then — 


Total  solids  = 


3  75  -f.aiBa  X  y 

.859 


ta. 


Another  inetlinH  ham  been  proi>05ed  for  calculating  the  solirls  not  fftl, 
data  afiurded  by  Lbc  lactometer,  specific  grnviiy  and  Fc3er*s  Uc(oscoi>e 
means  of  llie  formula  '~  .  where  G  equals  the  specific  gravity  of  the 
and  A  the  remainder  obtained  on  inuKiplying  the  per  cent,  of  fai, 
by  the  Uclohcopc,  by  .001  anil  dcilucting  this  from  looo.  For  exan 
Suppose  in  a  given  sample  of  milk  the  spccJrtc  gravity,  or  G,  is  found 
1030.  The  value  of  A  in  the  aliove  eriuation  will  be  found  by  rnuUiuIyin 
per  cent,  of  fat,  3.7,  by  .001,  which  will  be  e^ual  lo  .0037,  which,  di 
from   1000,  equals  ■(>97.     SuUslituting  1030  for  (J.  aud  thi^  reinaJndi 

for  A  in  above  cnualiou,  we  have  '°^°  ~  '^-  —  of  t»i*al  solid. 
1  ,0037 

These  short  methods  will  be  found  useful  in  the  exam 
of  human  milk,  where  lonj;,  tedious  processes  are  not  li 
be  entered  into.  'I'hcy  arc  not  to  be  mentioned  as  scientifi 
accurate,  but  are  sufiicicnily  so  for  clinical  purposes  and  for 
inspectors  in  sorting  milks. 
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In  !he  accurate  estimation  of  the  fat  in  railk  the  officially 
recOj^nized  method  is  that  of  Adams.  Instead  of  drying  the 
solids  in  the  usual  way.  the  milk  is  absorbed  by  bibulous  paper 
Ijreviously  thoroughly  exhausted  with  ether  and  alcohol.  This 
pa{)er  is  usually  cut  in  the  shape  of  long  strips,  and  these  are 
rolled  into  a  coil  and  put  in  a  si>ecial  apparatus  known  as  an 
exi factor,  and  shown  in  Fig.  67.  The  coil  is  put  into  the 
chamber  of  the  middle  piece  of  the  apparatus,  which  is  then 
connected  with  a  condenser  as  shown.  Sufficient  ether  to  fill 
this  chamber  is  put  into  the  flask  below,  which  is  gently  warmed. 
The  ether  distik  up  into  the  condenser  and  runs  back  upon  the 
coil,  filling  the  chamber  until  it  flows  over  through  the  siphon 
lube  into  the  flask  below.  This  is  repeated  until  exhaustion  is 
complete.  The  ether  is  finally  distilled  off,  and  the  fat  in  the 
fljsk  is  dried  and  weighed.  The  results  obtained  by 
this  method  are  about  .3  |>er  cent,  higher  than  those  Fic.  67. 
obtained  by  the  method  above  described,  of  evapor- 
ating; in  a  platinum  dish  and  treating  with  ether. 
This  has  been  adopted  by  official  chemists,  both  in 
hiiglaiid  and  in  this  country,  as  the  standard  method 
of  estimating  fat.  For  the  accurate  estimation  of  fat 
in  milk  in  wcll-equi))ped  latxiratories,  it  leaves  little 
to  be  desired  in  the  way  of  accuracy,  but  is  a  little 
dirticuU  without  these  facilities. 

Milk  Standards. — For  ordinary  purposes,  the 
estimation  of  the  total  solids,  the  fat  and  the  ash, 
are  considered  sufficient  to  determine  the  question 
of  the  adulterations  usually  met  with  in  the  market. 
'I'hc  standards  that  have  been  fixed  by  law  in  a  num- 
ber of  the  Stales  all  refer  to  specific  gravity,  fat,  and 
total  solids.  Prosecutions  are,  therefore,  usually 
based  on  these  data.  'Jo  calculate  the  |)er  cent  of 
pure  milk  in  a  mixture,  the  following  formula  may  l>e 
adopted,  based  upon  the  legal  standard  of  the  State 
of  New  York,  viz  :  12  per  cent,  of  milk  solids,  3  per 
cent,  of  fat,  and  9  per  cent,  of  solids  not  fat. 

9  :  solids  not  fat  :  :  lOO  :  x  =  milk 
used  in  making  100  parts  of  the  mixture. 


For  other  standards  the  first  member  of  the  equa- 
tion will  be  the  legal  iJercentage  of  solids  not  fot.     When  ihe 
solids  not  fat  are  less  than  9  |>er  cent.,  it  indicates  some   fomi 
of  falsification.     SupiK>se,  for  example,  the  solids  not  fat  in  any 
5> 
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given  analysis  was  8-r.     Substituting  this  in  the  above  propor*j 
tion  we  have  — 

9  :  8.t  :  :  lOo  ;  x  =  90 

or  ihis  sample  of  milk  had  been  made  from  90  f>er  cent,  of  milk 
and  10  per  cent,  of  water.  If  the  milk  is  skimmed  the  percentage 
of  fat  removed  can  be  ascertained  by  the  following  /brmida :  — 

|XS-F  =  x. 

In  which  S  ^=  solids  not  fat,  and  F  =^  fat  found.  Suppose,  for 
example,  the  fat  in  a  given  case  be  a  ])er  cent,  and  the  solids 
not  fat  8  i>er  cent.  Substituting  these  in  the  above  e<iua.tion  we 
liave — 

1X8  — a  =  x  =  2. 

That  is,  2  per  cent,  of  fat  has  been  removed  from  this  milk. 

The  Estimation  of  Sugar. — For  ordinary  purjxises  a 
sufficiently  correct  cstiiruiion  of  milk  sugar  can  be  made  bv 
exhausting  the  residue  that  remains  after  the  extraction  of  the  fat 
by  the  process  above  ^iven  with  weak  boiling  alcohol.  This 
dissolves  the  sugar  and  the  soluble  portion  of  the  ash.  The 
solution  is  filtered,  evajwrated  to  dryness  in  a  platinum  or  a  por- 
celain capsule,  and  weighed.  The  residue  is  then  ignited  and 
the  ash  weighed  and  deducted  from  the  weight  of  sugar  and  ash, 
to  obtain  the  amount  of  sugar. 

lactose  may  also  be  estimated  with  Fehling's  solution,  after 
the  coagulation  with  acetic  acid  and  removal  of  the  casein. 

The  Determination  of  Casein. — Casein  and  albumin  arc 
generally  determined  by  UilTerence.  When  the  direct  deterrain* 
ation  is  desired,  they  may  be  precijjttated  by  tannin,  the  precipi- 
tate dried  and  washed  with  a  mixture  of  t  part  of  alcohol  to  3  of 
ether  until  the  wa,shings  show  no  trace  of  lannin.  The  whole  is 
then  dried  and  weighed. 

The  albuminoids  can  also  be  determined  by  the  method  of 
Ritthausen,  who  employs  a  solution  of  CuSO,,  containing  6.5 
grms.  to  the  liter  and  a  solution  of  alkali  of  the  strength  of  14. a 
grms.  of  KOH,  or  10.2  grms.  of  NaOHto  the  liter.  The  copper 
salt  prerijiiiaies  the  alliuminoids  tngettier  with  the  fat.  Twenty 
c.  c.  of  milk  are  taken,  diluted  with  water  to  400  c.  c  ;  10  c.  c 
of  the  copper  solution  added  ivitli  constant  stirring,  until  the 
coagnlnm  settles  and  the  sujvernaiant  liquid  is  rlear.  Tlic  alkali 
solution  is  now  added  until  the  liquid  is  neutral,  and  the  con- 
tents of  the  beaker  are  filtered,  using  a  dried  and  weighed  filter 
paper.     The   precipitate  is  all  transferred    to  the  filter.     It   is 
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washed  first  with  water,  then  with  dihxted  alcohol,  and  finally 
with  ether,  until  all  fat  is  removed.  The  remaining  precipitate 
is  again  washed  with  alcohol  and  dried  at  no°  C.  (230°  F.) 
and  weighed.  The  bluish  mass  is  burned,  and  the  loss,  after 
deducting  the  weight  of  the  filter  paptfr,  is  reckoned  as  albu- 
minoids. 

Detection  of  Impure  Water, — The  addition  of  water  to 
milk,  if  it  be  pure  water,  can  be  regarded  as  harmless  to  adults. 
It  is  rather  a  sophistication  than  a  harmful  adulteration.  As  this 
is  usually  well  water,  which  may  itself  l>e  impure,  it  becomes  a 
matter  of  importance,  b^icause  the  water  may  carry  with  it  germs 
of  typhoid  fever,  cholera  or  other  diseases,  and  will  imj^art  to 
the  milk  infectious  properties.  To  detect  impure  water  in  milk 
the  following  process  may  be  used :  The  milk  is  coagulated  with 
acetic  acid  and  filtered.  To  a  suitable  quantity  of  the  whey 
add  equal  parLs  of  a  solution  of  naphthylamin  sulphate  and  a 
freshly  prepared  solution  of  sulphanylic  acid  in  sulphuric  acid. 
The  test  may  be  made  in  an  ordinary  test  tube  or  in  a  cylinder. 
If  the  milk  contains  nitrites,  due  to  an  impure  water,  a  rose-red 
color  will  appear,  varying  in  intensity  with  the  amount  of  nitrites 
present,  and  deepening  on  standing.  The  test  is  very  delicate. 
The  following  may  also  be  employed:  100  c  c.  of  the  milk  is 
boiled  with  1,5  c.  c  of  a  s  pL*r  cent,  solution  of  CaCl,.  and 
filtered.  A  small  portion  of  the  filtrate  is  treated  with  H^SO^ 
containing  2  per  cent  dipienylamin.  Thus  mixture  is  then 
floated  upon  concentrated  H^SU,,  when,  if  nitrates  or  nitrites  be 
present  in  tiie  milk,  a  blue  zone  will  appear  at  the  line  of  con- 
tact of  the  two  liquids.  Or  the  above  test  may  be  applied  as 
follows:  One  c.  c.  of  a  solution  of  diphenylamin  in  H^SO^  is 
placed  in  a  small  porcelain  dish  and  a  few  drops  of  the  milk 
allowed  to  flow  down  the  side  into  the  acid.  If  the  milk  con- 
tains nitrites  or  nitrates,  a  blue  color  will  appear  at  the  line  of 
separation  between  the  acid  and  the  milk.  This  test  is  very 
deli(.ate  and  will  detect  the  presence  of  a  very  small  quantity  of 
impure  water.  Nitrites  and  nitrates  are  not  found  in  milk,  even 
if  contained  in  the  food  of  cows, 

Condensed  Milk. — Owing  to  the  difficulty  of  keeping  ordi- 
nary milk,  several  processes  of  preserving  it  by  concentration 
have  been  employed.  As  early  as  1837  Newton  preserved  milk 
by  evaporating  it  in  shallow  pans  at  50^0.(122°  K),  during 
which  time  air  was  blown  through  the  milk.  From  that  time  to 
the  present,  preserved  or  condensed  milk  has  been  an  important 
article  of  commerce.     When  milk  is  simply  evaporated  without 
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the  addition  of  a  presenative  it  is  called   condensed   milk. 
This  is  also  p\it   into  the  market  sometimes  under   the    ni^mc 
cva|)orali;d  cream.      This  term  is  also  applied  lo  what   proper! 
should  be  termtxi  preserved  milk.or  milk  which  has  l>ccn  con 
densed  and  cane  sugar  added.     Prescr\cd  milk  is  much   thick 
in  ap])earance  than  condensed.     Milk   is  usually  condensed  I 
about  one-third  its  original  volume,  although  the  makers  u&uall 
claim  that  it   is  condensed    to   one-(ourlh  its  original    volume. 
Analyses  of  a  large  numlier  of  samples  made  at  various  time* 
in  this  countr)'  give  the  average  as  a  little  short  of  one-third 
The  addition  of  two  parts  of  vater  to  one  of  condensed   milk 
should,  therefore,  produce  a  milk  of  the  same  degree  of  richn 
as  tlie   whole   milk    before  condensation.      Analyses    made 
Cornwall,  of  the  condensed  milks  found  in  the  American  market, 
showed  the  following  average : 


lilk      H 


Wuer. S6.9S  per  cent. 

Milk  solids,.  .  .  .  34.36  " 
Ca&ciii  and  albumin,  9.  ^5  " 
l-ali 969       " 


Milk  sugar, . 
Cane  sugar, 
A&h.    .   .    . 


«3-38  per  cent. 
38.Sa       " 
1.9a       •* 


Calculating  from  these  results,  he  found  that  the  condensation 
varied  from  2.27  to  3.12  times,  the  average  of  all  analyses  being 
about  2.74  times,  or  the  milk  was  condensed  lo  not  quite  one- 
third  the  original  volume.     Condensed  milk  is  largely  used  as  aj 
nourishment  lor  young  infants.     For  this  purpose  it  is  usually] 
diluted  with  about  9  to  12  parts  of  water.     Meigs  has  shown  that] 
if  I  pari  of  the  best  commercial  sweetened  condensed  milk  be^ 
mixed  with  9  parts  of  water,  the  mixture  somewhat  closely  resem- 
bles in  com|>osition  that  <>(  human  milk,  with  the  exception   that 
it  is  deficient  in  fat,  and  that  this  mixture,  with  a  small  portion  of 
cream  added,  gives  a  milk  of  nearly  the  chemical  composition  of 
human  milk.    In  digestibility,  condensed  milk  is  inferior  tocow*S^H 
milk  or  human  milk.    It  isojwn  to  the  objection  above  mentioned ^| 
to  storili/.ed  milk.      It  is  oj)eu  to  the  additional  objection  that  a 
large  part  of  the  sugar  present,  when  sweetened  milk  is  tised,  is 
cane  sugar  instead  of  lactose,  the  i»atural  sugar  of  milk.      Canej 
sugar  more  readily  undergoes  acid  fermentation  in  the  stomachj 
or  intestine  of  the  infant  than  lactose.     Infants  fed  exclusively; 
ii[K)n  condensed  milk  show  a  tendency  to  develop  rickets,  or  a 
failure  of  the  nourishment  of  the  bony  structures.     As  a  result, 
the  development  of  the  teeth,  and  the  ability  lo  walk  are soniCM hat 
delayed. 
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THE  URINE. 

The  urine  is  an  excretory  Hiiitl  thrown  off  by  animals.  It  is 
parttallv  iihered  from  the  blood  by  the  kidneys,  and  partly  elab- 
orated by  ihciie  organs  Irom  waste  materials  found  in  the  blood. 
It  is  composed  of  a  watery  solntion  of  certain  inorganic  salts  and 
nitrogenous  principles  which  are  of  no  further  use  to  the  body. 
As  will  be  seen  from  the  table  on  page  649,  human  urine  is  not  a 
liquid  of  uniform  composition,  but  subject  to  very  considerable 
variations.  These  variations  may  be  physiological,  or  they  may  be 
indicative  of  diseased  conditions,  and  a  knowledge  of  them  is 
essential  to  correct  a  diagnosis  of  many  diseases. 

General  Physical  Properties.^Normal  urine,  when  fresh, 
is  a  clear,  amber-colored,  transjiarcnt  liquid,  having  a  fx-cuUar, 
aromatic,  characteristic  odor,  a  bitter  saline  taste,  a  distinctly 
acid  reaction,  and  a  s[>eci(ic  gravity  of  from  1018  to  1021.  The 
average  specific  gravity  is  generally  given  as  [018  to  1020,  When 
it  is  kept  in  a  clean  vessel  ami  away  from  contact  with  air,  it  will 
undergo  but  slight  changes  in  several  days. 

Reaction. — Normal  urine  is  faintly  acid,  and  grows  more 
acid  for  a  few  hours  after  being  voided,  due  to  iwc  so-called 
"acid  fermentation."  During  this.period  of  acid  fermenta- 
tion, there  is  frequently  deposited  a  whitish  or  pinkish,  or,  at 
times,  reddish  sediment,  due  to  the  separation  of  the  acid  urate 
of  sodium  or  to  crystals  of  uric  acid.  This  sediment  dissap[jears 
again  on  warming  the  solution.  On  standing  still  longer  ex- 
posed to  the  air,  tlie  acidity  grows  less  and  less,  and  at  the 
same  time  an  odor  of  ammonia  l>egins  to  l>e  developed,  and  fin- 
ally the  reaction  changes  from  acid  to  neutral,  and  from  neutral 
to  alkaline,  with  a  strong  odor  of  ammonia  and  more  or  less  odor 
of  putridity.  The  rapidity  with  which  these  changes  take  place 
is  dependent  npon  the  condition  of  the  secretion  and  tempera- 
ture ;  Liking  place  more  rapidly  in  warm  than  in  rold  temperatures. 
An  abundance  of  mucus,  which  can  usually  be  seen  after  a  few 
hours  as  a  light.  Hocculent  cloud,  settling  near  the  l>ottom  of  the 
vessel  containing  the  fluid,  greatly  hastens  these  fermentative 
changes.  This  is  especially  the  case  if  the  bladder  or  the  kidneys 
are  in  a  diseased  condition.  There  is  produced  with  the  mucus, 
especially  in  diseased  conditions  of  tiic  bladder,  a  peculiar  solu- 
ble ferment,  which  hastens  the  above  changes. 

The  reaction  of  urine  is  best  tested  by  dropping  a  small  piece 
of  a  R'd  and  a  blue  litmus  [laper  into  the  solution.     If  both  are 
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found  red  after  a  few  minutes,  the  reaction  is  acid.      If 
blue,  it  is  alkaline.     If  they  remained  unchanged,  the  reacCi< 
said  to  be  '*  am[>hoteric.'*    If  the  alkalinity  be  due  to  anfimoniui 
carbonate,  the  red  |)ai>er,  on  drying  and  warming  over  a  flame, 
turns  red  again,     if  due  to  the  fixed  alkabes,  it  remains  blue  on 
drying  and  warming. 

The  fermentation  of  urine  is  due  to  certain  microdrgani! 
of  which  the  torula  ureec  is  the  best  known.  Normal  uri 
free  from  these  organisms  when  passed,  but  in  certain  abnoi 
conditions  it  may  undergo  an  alkaline  fermentation  while  stilt  in 
the  bladder,  and  that  apparently  without  the  intervention  of  these 
organisms.  It  has  been  found  tl>at  the  fermentation  may  be 
complete  in  the  presence  of  an  amount  of  carbolic  acid  which  js 
fatal  to  the  development  of  microorganisms.  It  has  l)een  assumed 
that  an  enzyme  is  secreted  with  the  thick  mucous  secretion  of 
urinary  catarrh,  which  poss^se-i  active  hydrolytic  |X)wers  on  a 
solution  of  urea.  As  the  urine  becomes  alkaline  from  the  pro- 
duction of  ammonium  carbonate  from  urea,  it  becomes  turbid 
and  acquires  a  piler  color.  The  turbidity  is  due  to  the  precipi- 
tation of  the  phosphates  of  calcium  and  magnesium,  the  oxalate 
ofcalcium^  and  microorganisms.  The  phosphate  of  calcium 
amnitjnium  magnesium  phospliate,  which  sepirate  when  the  ui 
becomes  alkaline,  are  generally  called  the  earthy  phosphates" 
The  latter  oT  the  two  is  called  the  triple-phosplutc,  and  is  found 
in  nearly  all  alkaline  urines. 

Composition. — The  urine  is  chiefly  a  solution  of  urea  and 
cert.iin  organic  ami  inorganic  salts,  holding  in  suspension  epi- 
thelial cells  and  mucus.  The  composition  will  be  found  in  the 
l;ible  at  the  end  of  this  irhapier,  with  the  chief  variations  met 
with  in  diseased  conditions  and  their  significance.  The  urine, 
like  the  milk  and  other  animal  fluids,  is  not  of  constant  composi 
lion,  ll  is  influenced  l>y  the  amount  of  water  and  other  flui 
taken,  by  the  temperature  of  the  skin,  by  the  emotions,  by  t] 
blood  pressure,  local  or  general,  the  amount  of  work  done,  t| 
lime  of  day,  the  agL\  the  sex,  influence  of  medicine,  etc. 

The  quantity  of  urine  i>assed  in  24  hours  varies  considerably! 
Theavera;.;e  daily  tpiantity  passed  by  a  healthy  adult  is  from  1400 
to  1600  c.c,  or  ai>oul  50  fluid  ounces.  The  quantity  of  tol 
solids  contained  in  this  is  abo:it  60  grms  ,  or  1000  grs., 
about  one-half  of  these  solids  is  romfjosed  of  urea. 

Ti»e  variations  in  the  quantity  will  be  found  in  the  table 
the  close  of  this  chapter. 

The  Color  and  Transparency.— In  health,  the  color 


liate  . 

m 


THB    URINK. 


607 


usually  a  light  amber.  In  general,  the  greater  the  quantity  the 
li^^hter  the  color;  and,  vice  vfrsa,  the  smaller  the  (luantiiy  the 
higher  the  color.  As  the  color  deeiXMis  by  concentration  it 
becomes  more  reddish.  The  color,  as  well  as  the  quantity,  is 
subject  to  great  variations,  even  in  health.  It  may  vary  from 
almost  as  clear  as  water  to  a  dark  yeilowisli-red,  according  to 
the  degree  of  concentration.  After  drinking  large  quantities  of 
fluids  the  quantity  is  very  much  increased  and  the  color  is  light. 
After  severe  sweating,  or  in  al>stinence  from  drinking,  it  becomes 
concentrated  and  darker  in  color.  The  normal  color  of  the 
urine  is  due  to  several  more  or  less  closely  allied  pi«jments,  the 
chief  of  which  are  urobilin  and  indican,  or  uroxanthin. 
These  coloring  matters  are  i)rot>aljly  dtconq^oscd  products  of  the 
biliary  coloring  matters.  The  aVjnormal  coloring  matters  are 
chiefly  those  of  the  blood  or  bile,  melanin,  hemoglobin,  and 
coloring  matter^  due  to  medicinal  substances  and  certain  vege- 
tables. An  excess  of  the  normal  pigments  of  the  urine  may  be 
expected  in  febrile  conditions,  and  in  diseases  in  which  the  blood 
cells  arc  nndergoing  rapid  destruction.  Urobilin,  when  it  exists  in 
excessive  quantities,  colors  the  urine  a  dark  brownish-red,  even 
without  concentration,  and  the  foam  of  such  a  urine  is  a  yellow 
or  yellowish-brown  color.  There  is  a  marked  increase  of  uro- 
bilin in  conditions  where  the  hej^atic  cells  fail  to  perform  their 
proper  function,  that  is,  in  the  condition  known  as  biliousness. 
in  such  cases  the  skin  and  other  tissues  may  also  show  the  pres- 
ence of  the  same  yellow  color. 

The  Tests  for  Urobilin. — First.  The  spectroscopic  exami- 
nation shov\s  absorption  bands  in  the  green,  between  the  lines 
h  and  /'.  In  or-ler  to  sec  these  lines,  it  is  often  licst  to  dilute 
the  urine  by  pouring  water  carefully  upon  the  top  of  the  heavier 
urine  in  the  test  tube.  After  allowing  the  liijuids  to  remain  at 
rest  for  a  short  time,  examine  the  water  above  the  urine  for  the 
absorption  bauds. 

Second.  Chemically,  we  may  test  for  urobilin  by  the  addition 
of  ammonia  to  the  urine,  when,  if  much  urobilin  l»e  present,  it 
gradually  assumes  a  greenish  hue.  It  is  then  filtered  and  a 
watery  solution  of  ZnCI,  added,  when  there  appeara  a  rose-red 
color  with  greenish  fluoresct-nce,  due  to  urobilin. 

Indican  or  Indoxyl-Potassium  Sulphate,  C^H^NO  SO,K, 
occurs  in  normal  urine,  but  it  occurs  in  increased  quantities 
when  there  is  an  accumulation  of  the  intestinal  contents,  as  in 
o<;clusion,  in  peritonitis,  or  obstinate  consti(>ation.  It  is  prob- 
ably not  due  simply  to  the  accumulation  of  the  intestinal  con- 
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tents,  but  to  the  putrid  fermentation  of  the  contents  when  too 
long  retained.     The  presence,  then,  of  an  excess  of  indicau   is 

an  indt*x  of  the  amount  of  inUNtinal  ptitrcfnction.  Jnditan  is 
always  found  in  all  forms  of  severe  cachexia,  in  carcinoma  of 
liver,  phthisis,  typhoid  fever,  dysentery  and  in  Asiatic  cholera, 
Jt  is  detected  in  incrcasc<i  amounts  by  the  addition  of  an  equal 
vobmie  of  strong  nitro-hydrcM  hloric  acid,  and  dropping  into 
this  2  or  3  drops  of  a  concentrated  sululion  of  rhlorir.aled  soda, 
immediately,  or  after  a  few  seconds,  there  is  formed  just  l>eaeath 
the  surface  a  bluish-black  cloud  of  indigo.  By  stirring  the 
chlorinated  soda  solution  into  the  urine,  we  obtain,  according  to 
the  quantity  of  indican  present,  a  more  or  less  dark  coloration 
of  the  whole  fluid.  If  we  now  shake  the  fluid  with  chloroform, 
the  indigo  is  dissolved  out  by  the  chloroform,  and  settles  as  a 
blue  layer  at  the  bottom.  Care  must  be  taken  not  to  add  too 
much  of  the  chlorinated  soda.  Uroerythryn  and  urochrome 
have  been  described  as  occurring  in  urine,  but  little  is  known  of 
them. 

The  coloring  matters  of  the  bile  and  the  blood  will  be  con- 
sidered again. 

Certain  medicines  and  vegetables  niay  color  the  urine.  Rhu- 
barb and  senna  color  the  urine  a  broM'ni.sh  color,  but  if  alkaline, 
or  if  made  alkaline,  it  becomes  a  purple-red.  The  coloring 
agent  in  this  case  is  the  chrysophanic  acid  found  in  these  medi- 
cines. After  taking  logwood,  the  urine  becomes  reddish,  or 
violet  when  made  alkaline.  Santonin  colors  it  yellow  or  green- 
ish-yellow, which,  on  the  addition  of  an  alkali,  changes  to  red- 
Picric  acid  also  gives  a  yellow  color,  which  does  not  change  to 
red  on  the  addition  of  an  alkali.  Phenolnaphthalin,  creasote, 
ltrc[>arations  of  tar,  or  arsin  (AsH,),  imparl  either  a  greenish  or 
a  greenish-black  color  to  the  urine.  Brown  or  brownish-black 
urine  is  observed  in  patients  wiih  melanotic  tumore.  The  color- 
ing matter  in  this  case  id  melanin. 

Transparency. — Normal  urine  is  transparent,  containing 
only  a  slight  floccnU-nt  cloud  of  mucus,  visible  after  standing  a 
few  minutes.  If  the  urine  is  turbid  when  passed,  it  is  |»athologi- 
cal.  It  is  usually  turbid  in  all  diseases  of  the  urinary  {las&ages, 
from  the  excessive  amount  of  mu»  ous  and  epithelial  elements, 
and  because  the  urine  in  this  condition  readily  undergoes  alka- 
line fermentation  in  the  bliiddcr,  when  the  earthy  phosphates 
are  precipitated  as  a  white-*cdiment.  In  fevers,  the  quantity  of 
urine  is  occasionally  so  small  that  the  urates  separate  even  in  the 
^^k  bladder,  and  esiiecially  is  this  the  case  in  certain  diseases  of  chil- 


THE    UKINE. 


«)9 


dren  where  the  oxidation  is  deficient,  as  in  capillary  bronchitis 
anJ  pneumonia.  Admixtures  of  blood,  p.is,  and  ihyle  make  the 
urine  turbid.  The  most  striking  turbidity  is  produced  by  the 
admixture  o(  chyle,  which  gives  a  uiilky-whitc  appearance. 
Here  the  milky  appearance  is  due  to  an  admixture  with  the  urine 
of  emulsified  fot  and  imperfectly  dissolved  proteids.  Many 
urines  which  are  clear  when  passed,  become  turbid  on  standing, 
from  the  separation  of  the  acid  urates  of  sodium  or  ammonium. 
The  turbidity  of  alkaline  urine  has  already  been  mentioned. 

SpeciBc  Gravity. — This  varies  from  1015  to  1028,  according 
to  the  degree  of  dilution  or  concentration.  Pathological  urines 
may  vary  from  ahiiost  that  of  water  to  1050.  Asa  rule,  the  urine 
of  Bright's  disease  is  of  low  specifir  gravity,  and  in  dialx'tcs  mel- 
litus  of  high  specific  gravity.  The  specific  gravity  of  urine  is  gen- 
erally determined  by  the  urinometer,  which  is  a  small  hydrometer 
graduated  to  include  the  variations  in  specific  gravity  usually 
found  in  urine.  (See  p.  13.)  It  is  usually  graduated  so  that 
only  the  last  two  figure*  of  the  specific  gravity  a|)]ic,ir  u|>on  the 
stem,  and  so  as  to  read  correclly  at  60°  V.  If  the  teiuperalurc  U 
above  60°  F.,  it  will  be  sufficiently  accurate  for  clinical  pur^ioses 
to  add  one  degree  in  specific  gravity  for  every  ten  degrees  in 
temperature,  1.  tf.»  if  it  read  1018  at  80°  F.,  it  would  read  1020 
at  60°  F.  The  ordinary  urinometers  of  the  market  are  apt  to  be 
unreliable.  It  is  l>e>t,  therefore,  to  test  the  instrument  by  care- 
ful determinations  of  the  specific  gravity  of  solutions  of  common 
salt,  with  the  sjK'cific  gravity  flask,  and  compare  the  readings  of 
the  urinometer  with  these  determinations. 

The  urinometer  is  used  as  follows:  The  urine  is  placed  in  the 
u|iright  jar,  or  cylinder,  wide  enough  to  allow  the  instrument  to 
ftoM  freely,  and  deep  enough  to  float  it  When  it  has  comf  to 
rest,  the  surface  of  the  tluid  in  the  jar  is  brought  to  the  level  of 
the  eye.  and  ihe  reading  taken  at  the  lower  edge  of  the  meniscus 
formed  by  the  upper  surface  of  the  urine.  The  mark  on  the  in- 
str.iment  which  iiciit  by  this  line,  and  which  can  be  distinctly 
seen,  is  taken  as  the  correct  reading.  If  the  urine  l}e  turbid,  thi:3 
tnethod  cannot  be  employed,  as  the  reading  will  be  more  or  less 
uncertain. 

Total  Solids. — As  stated  before,  the  normal  amount  of  solids 
passed  by  an  adult  in  twenty-four  hours  is  about  60  grms.,  or 
1000  grs.  An  approximitc  estimation  of  the  total  .stilids  may  l>c 
made  by  mulliplyini;  the  la^t  two  figurt-s  of  the  spcrific  gravity, 
carefully  taken,  by  the  fat  tor  2.33,  whirh  will  give  the  numl>er 
of  grm^.  of  solid  matter  in  1000  c.  c  of  urine,  from  which  it  will 
53 
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be  rasy  to  calculate  the  amount  in  34  hours.  If.  for  example,  the 
quantity  in  24  honre  be  15COC.  c,  and  the  specific  gra\ity  icjo. 
the  totJl  solids  would  he  20  X  2.33  -  -  46.6  grms.  of  solids  in  1000 
c.c.in  1500  r.  r.  there  will  be  1.505  much,  or  69.9  grms.  Jfitbe 
desired  to  use  Englii*h  measures,  wcmay  determine  the  total  solids 
by  muliiplyinj^  Ihe  last  two  figures  of  the  specific  gravity  by  the 
number  of  fluid  ounces  [»assed.  Thus,  if  the  number  of  fluid 
ounces  be  50,  and  the  sjjecific  gravity  1020,  then  the  total  solids 
will  be  50  X  20  =  1000  grs.  1  hese  methods  of  caculating  the 
total  solids  give  only  approximate  re=>tdts,  but  in  most  cases  will 
l>e  found  sufiiciently  accurate  for  clinical  purposes. 

A  more  exact  nieihod  for  determining  the  total  solids,  is  toevaporete  10  c.c. 
in  a  {torcelain  disli  or  waich  gliss,  and  dry  in  a  water  oven  to  constant  wright. 
Tbe  difference  between  the  weight  of  the  dish  uid  of  the  dish  with  the  solids, 
will  (jive  Ihe  weight  of  the  solids  in  10  c.c.  of  nrine.  Even  hy  this  melhcKi 
there  is  some  loss  during  the  evaporation. 

Odor. — 1  he  odor  of  normal  urine  has  been  described  as  aro- 
matic. A  putrid  odor  is  due  to  the  odor  of  products  of  decom- 
]X)sition.  Occasionally  the  urine  is  putrid  when  ]>assed.  the 
putridity  being  due  to  the  putrid  fermentation  of  pus,  albumin, 
or  some  other  foreign  matter  mixed  with  the  urine  in  the  l»lad« 
der.  Sulphuretted  hydrogen  sometimes  occurs  in  the  iirinei 
and  a  fa;cal  odor  is  occasionally  met  with,  indicating  a  tistuloi 
opening  U-tween  the  blad<lerand  the  intestine, or  from  absccf® 
iK'tween  the  liladder  and  rectum.  A  number  of  substance; 
when  taken  internally,  cause  the  urine  to  assume  a  characteristi< 
odor.  Many  aromatic  substances  imf>art  their  odor.  ai.  oil  ol 
turpentine  (giving  the  odor  of  violets),  ctibebs,  copaiba,  asjjiara- 
gus,  garlic,  valerian,  etc. 

Inorganic  Constituents  of  the  Urine. — The  urine  con- 
tains certain  inorganic  sails,  which  are  especially  the  chlorides 
[xitassium  and  sodium,  the   phosphates  of  potassitmi,    sodiiii 
magnesium,  and  calcium,  and  the  sulphates,  or  .sulphuric  etb< 
of  indol  and  skatol.     These  salts  are  generally  tested  for  by  tbi 
detection  of  the  corresponding  acids. 

Chlorides. — For  the  detection  of  the  chlorides  add  a  fei 
drops  of  nitric  acid,  and  then  a  solution  of  silver  nitrate  (i  u 
10).  The  chloride  of  silver  sejMimles  as  a  white,  curdy  precipi- 
tate, which  should  occupy  not  more  than  one-fourth  the  volume 
of  the  urine  taken.  If  the  settled  precipit;ite  o<cupies  mm- 
more  or  less  than  one-fourth  the  volume  of  the  quantity  of  urin< 
taken,  the  quantity  is  increased  or  diminished,    it  is  always  best 
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in  making  this  test,  to  compare  the  specimen  under  examination 
with  normal  urine.  In  most  cases  this  approximate  estimation 
of  tie  clilorides  will  \ic  all  that  the  clinician  wili  demand.  Occa- 
sionally, however,  it  becomes  necessary  to  make  a  more  accurate 
determination.  For  this  pur- 
pose it  is  necessary  to  have  Fic.  68. 
a  decinormal  sohition  of  sil- 
ver nitrate,  /'.  ^.,  a  solution 
containing  16.96  grms.  of 
pure  silver  nitrate,  dissolved 
in  a  liter  of  distilled  water. 

Quantitative  Estimation  of 
Chlorides. — Dilute  10  c.c.  of  the 
urine  with  about  50  c.c.  of  water 
and  add  a  few  drops  of  a.  rather 
strong  solution  of  potassium  chro- 
iiiftts.  Now  drop  (he  silver  solution 
from  a  graduated  burette  (see  I'ig, 
68)  drop  by  drop,  until  a  perma- 
nent reddish  color  indicates  that 
the  chlurine  has  all  )>ccn  precipi- 
Intcd,  and  that  the  silver  has 
begun  to  form  silver  chromate. 
10  ex.  of  urine  usually  requires 
15  to  30  c.c.  AgNO,  solution. 
1  c.c.  of  silver  solution  represents 
000354  giin  of  chlorine,  or  .00584 
grm.  of  NaCl.  In  highly  colored 
urines  lhi*i  method  is  sometimes 
inapplicable,  owing  to  the  change 
of  color  l>cing  mocked  by  the  color 
of  (he  urine.  In  such  cases  it  is 
best  to  use  the  following  method. 

Second  Method. — When  to  a 
solution  of  silver  nitrate,  acidulateU 
with  nitric  acid,  sulphocyanaic  of 
ammonium  or  potassium  i>i  added, 
a  while  precipitate  forms,  which  is 
insoluble  in  nitric  acid.  If  the 
fluid  contains  a  ferric  salt,  a  blood- 
rcd  color  fonns  at  the  moment 
when  the  last  of  the  silver  is  prc- 
ctpit^ed.  Volhard's  method  of 
estimating  the  chlorides  makes  use 
of  this  principle.  The  fulluwing 
solutions  are  needed  in  the  |iro- 
cess:    I.  Pure  nitric  acid.     2,  A 

strong  solution  of  ferric  alum  (sulphate  of  iron  and  ammonia)  free  from  chlor- 
ine.   3.  A  dccinuruial  nitrate  of  silver  solution  made  by  dissolving  I6.96  gnus. 
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in  a  liter  ofdiMillcd  water.  4.  A  tlecinormal  solution  of  jmia^sium  hiIjJiocv** 
note  or  of  aminuiituui  fiulphocyaiiale.  Thi&  tliuuld  be  of  cuadly  (he  laiar 
strcDgtk  ai  the  silver  solution.  It  ts  made  by  diNSolring  6. 5  or  7  ^mis,  of  (JK 
sulphocyanalc  in  abaut  400  c.c.  of  water.  To  stacMUrdizc  the  suIphocTuute 
solution  a  portion  of  it  is  put  into  a  burette  and  lO  c.c.  of  the  decinomul  silver 
nitrate  solution  brought  into  a  beaker  with  a  few  drops  of  the  solution  of 
iron  alum.  The  mixlure  is  well  .stirred  und  the  :iulphocyanale  soluiiua  added 
drop  by  drop  until  a  iilight  but  permanent  red  color  appears.  In  accordaacc 
with  the  result  obtained,  the  »ulph  >cyanate  solution  is  diluted  Co  such  a  poiol 
that  10  ex.  of  it  will  just  neutralize  10  c.c.  of  the  AgNO,  SK>lu1ion,  If.  for 
example,  8  c.c.  of  the  sulphocynnate  produce  a  red  color,  we  then  know  liie 
amount  of  sulphocyanate  in  8  c.c.  is  that  which  should  be  in  lo  c.c.  Tben- 
fore.  we  dilute  the  8  c.c.  with  a  sufficient  amount  of  water  to  make  it  Xo  cc, 
or  if  we  have  500  c.c.  we  shall  add  to  every  S  cc.  2  c.c  of  water,  or  we  make 
the  calculation  by  the  following  proiJortion: — 

8  ;  10 :  :  450  :  x  ss  562.5,  or  450  c.c.  of  the  solution  first  made  up  wilt 
require  to  be  diluted  to  562,5  c.c,,  or  there  mu^t.  be  added  I35  5  c.c.  of  water. 
Having  thus  corrected  this  solution  to  make  it  agree  in  strength  with  that  of 
the  silver  solution,  we  again  compare  them  to  see  if  it  is  correct. 

The  [)rocc&6  is  conducted  as  follows:  10  c.c.  of  the  urine  are  measured  out 
with  a  pipette,  and  placed  in  a  grailuated  dusk  of  loo  c.c.  capacity,  hifty  cc 
of  water  are  added,  and  then,  successively,  4  cc,  of  nitric  acid  and  25  c.c,  of 
stiver  solution.  The  ii^sk  is  closed  with  a  glass  stopper,  and  agitated  until 
the  precipitate  cea.<«es  In  form,  and  the  fluid  tends  to  clear.  Distilled  water  is 
added  to  the  loo  c.c  mark.  A  ]>onion  of  the  fluid  is  then  passed  through  a 
dry  lilter,  and  when  50  c.c.  have  run  through,  .a  few  drr>ps  of  the  iron  alam 
solution  is  put  in,  and  then  (he  sulphocyanate  solution  run  in  until  a  red  color 
appears.  The  amount  of  sulphocynnats  solution  added,  deducted  from  the 
amount  of  silver  solution  added,  gives  the  amount  of  silver  used  up  by 
chlorine  in  ^  of  the  10  c.c.  of  urine,  or  5  c.c. 

The  calculation  is  the  same  as  in  the  fii^t  method. 
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Phosphates. — Phosphoric  acid  exists  in  the  urine  combined 
with  the  alkalies  (about  ^}),  and  with  lime  and  magnesium. 
These  phosphates  are,  therefore,  generally  distinguished  by  the 
ternw  alkaline  and  earthy  phosphates. 

The  acidity  of  the  urine  is  generally  l>elieved  to  be  due  to  the 
acid  sodium  jdiosphatc  (NaHJ^Oj.  Sodium  phosphate  (Na,- 
HPOJ  is  neutral  in  reariion.  and  Na^PO,  is  alkaline. 

In  acid  urines  we  have  \aH,PO,,  Na,HPO„  CallPO.,  CaH,- 
(P(),)j,  ondMgHPO^;  while  in  alkaline  urines  we  find  in  solution 
Na^POj,  and  as  precipitates  Ca,{  K')/),,  Mg/Pt^,),.  and  M^Nir,- 

By  adding  an  alkali  to  normal  urine  the  phosphates  of  calcium 
and  magnesium,  termed  earthy  phos])hateK,  are  precipitated. 
The  phos])hates  of  sodium  and  jjolassium  remain  in  sohition. 
The  earthy  phosphates  may  he  ap])roximate!y  estimated  by  add- 
ing a  few  drops  of  ammonium  hydroxide  solution  to  the  urine, 
and  oliserving  the  amount  of  turbidity  produced  after  boiling. 
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By  comparing  this  with  the  amount  obtained  by  the  same  treal- 
meni  of  normal  urine,  il  will  indirale  whether  the  i|uaiiiity  is 
excessive  or  deficient.  The  alkaline  phosphates  may  be  detected 
in  the  filtrate  from  the  earthy  phosphates,  by  the  addition  of  a 
few  drops  of  MgSO,  solution  and  some  NH^Cl.  This  precipitate 
should  be  much  more  voluminous  than  that  produced  by  the 
earthy  phosphates,  and  whether  in  excess,  normal  or  deficient, 
may  best  be  determined  by  comparison  with  normal  urine.  'Ihe 
c[uantitalive  estimation  of  the  phosphates  is  rarely  retjuired. 

Sulphates. — Sulphuric  acid  occurs  in  the  urine  i)arlly  in 
combination  with  the  metals,  and  }>artly  in  combination  with 
certain  aromatic  bodies  of  putrefactive  origin,  called  collectively 
the  ethereal  sul[>hatc}>.  The  most  imixjrtant  of  these  are  phcnol- 
and  cresol- [potassium  sulphates,  indoxyl-  and  skatoxyl  potassium 
sulphates,  jjyrocatechJn-  and  hydrochi non-potassium  sul]ihntes. 
The  sulphates  are  detected  by  the  addition  of  BaCl,  in  the 
presence  of  free  HCl.  They  appear  as  a  fine  white  precipitate 
of  BaSO^.  rendering  the  solution  opaque,  and  milk-like  in 
appearance.  An  approximate  estimate  may  lie  m;ide  by  com- 
paring the  turbidity  with  that  of  normal  urine  treated  in  the 
same  way.  An  excess  of  sulphuric  acid  generally  indicates  an 
excess  of  putrefactive  decomposition  in  the  intestines,  tmless  it 
shouKJ  be  due  to  the  taking  of  an  excessive  amount  of  sulphates 
with  food  or  drink.  It  is  the  ethereal  sti![>hatcs  that  have  the 
chief  clinical  interest.  They  are  derived  from  the  putrefactions 
of  proteids  in  the  intestines,  and  the  quantity  of  them  present 
in  the  urine  is  usually  taken  as  a  measure  of  the  intestinal  ptitrc- 
faction.  They  arc  dccom|)Osed,  on  boiling  with  dilute  mineral 
acids,  into  free  sulphtiric  acid  and  phenol.  The  sul])liuric 
acid  which  they  contain  is  not  precipitated  in  the  cold  l>y  a 
slightly  acidulated  solution  of  barium  chloride.  An  approxi- 
mate estimation  of  these  ethereal  sulphates  may  be  made  by  |irc- 
cipitating  the  urine  with  an  excess  of  barium  chloride  and  a  few 
drops  of  hydrochloric  acid,  filtering  oflT  the  precipitated  HaSO^, 
and  then  adding  to  the  filtrate  one-tenth  its  volume  of  pure  HCl, 
boiling  and  heating  on  a  water  t»ath  for  one  hour.  The  BaSO^ 
obtained  after  this  treatment  of  the  filtrate,  represents  the  sul- 
phuric acid  existing  as  ethereal  sulphates. 

Organic  Constituents.— Urea.  CO(NH,),. — Urea  is  the 
most  important  constituent  of  the  urine,  as  it  is  the  chief  condi- 
tion in  whi(  h  nitrogen  leaves  the  l>ody.  It  is  by  far  the  most 
abundant  solid  ingredient  of  the  urine.  Its  chemical  proper) 
have  already  been  described. 
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The  qualitative  detection  of  urea  may  be  made  by  evaporat- 
ing a  few  (irops  of  urine  on  a  glass  slide,  moistening  with  nitric 
atid  and  allowing  it  to  crystallize,  and  examining  the  cirj^ials  of 
nrea  nitrate,  CO(NHj)jHNOj  under  a  microscope  of  low  |x>«r<r. 

The  quantitative  estimation  of  urea  in  urine  is  a  maner  of 
considerable  importance,  as  it  is  generally  looked  upon  as  an 
index  of  the  retrograde  or  destmctivc  changes  going  on  in  the 
body,  or  of  the  eliminating  power  of  the  kidneys,  1  Tie  quantity 
of  urea  in  24  hours  has  been  put  down  at  from  30  to  33  gnus., 
or  from  430  to  550  grs  The  quantity  will  be  increased  by  the 
increased  consumption  of  a  nitrogenous  diet,  or  by  increased 
exercise,  and  it  will  be  diminished  by  a  non-nitrogenous  diet  and 
by  lessened  exercise.  ,  In  estimating  what  should  be  regarded  as 
a  normal  amount  of  urea,  the  condition  of  the  patient,  as  to 
exercise,  ap(>etite,  and  dietary,  should  be  taken  into  account 
Roughly,  in  the  absence  of  sugar,  albumin,  and  other  abnormal 
ingredients,  the  urea  may  be  regarded  as  one-half  the  total  solids. 
The  more  accurate  quantitative  estimation  requires  so  Utile  lime. 
apparatus  and  skill,  that  it  is  now  generally  employed.  The 
determination  is  based  ujion  the  fact  that  urea  is  decomposed  by 
alkaline  hypochlorites  or  hypohromiies  into  carbon  dioxide, 
water  and  nitrogen. 

CO(NH,),  +  jNftBrO  =s  3NaBr  +  CO,  +  aH,0  -\-  N,. 

One  c.c.  of  nitrogen  at  the  ordinary  temperature  and  pressure 
corresponds  to  about  .0027  grms.  of  urea. 

The  liberated  N  escapes  and  may  be  collected 
and  measured,  while  the  other  products  of  the   - 
reaction  remain  in  solution. 

The  hyj>oUromite  solution  is  prepared  as  fol- 
lows:  100  grms.  of  NaOH  are  dissolved  in  250 
c.  c.  of  water,  and  to  this  solution,  when  cold,  25 
c.  c.  of  bromine  are  added,  and  the  solution  kept 
cold.  This  solution  contains  sodium  hypobro- 
mite,  hydroxide,  and  bromatc.  The  solution 
should  be  freshly  prepared,  as  it  readily  under- 
goes decomposition.  Owing  to  the  instability 
of  this  solution  and  the  excessively  disagree- 
able handling  of  bromine,  the  author  employs 
a  solution  of  sodium  hyi»ochlorite.  or  chlorin- 
ated soda,  with  the  adtlition  of  KBr.  This  solu- 
tion acts  as  well,  by  the  method  to  be  described, 
Various  forms  of  apparatus  have  been  devised  for 
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the  quantitative  estimation  of  urea.  The  simplest  of  these  is  the 
on^  devisetl  by  Dr.  C.  A.  Dorcmiis,  which  is  represented  by 
Kig.  69.  The  tube,  A,  is  filled  with  the  above-raentioned  solution 
of  hypobromite,  and  i  c.  c.  of  urine  is  introduced  with  the 
pipette.  B,  as  nearly  as  possible  at  the  centre  of  the  lower  por- 
tion of  the  upright  limb.  The  urea  is  decomposed  and  the  N 
rises  to  the  upper  closed  end.  After  the  decomposition  is  com- 
plete, the  urea  is  detennined  by  reading  the  graduations  at  the 
surface  of  the  column  of  litjuid.  This  ureometer,  according  to 
the  graduation,  gives  titlier  the  nigrms.  of  urea  in  i  c.  c.  of 
urine,  the  per  cent.,  or  grs,  per  fluid  ounce. 

The  author  uses  a  graduated  tube  closed  at  one  end.  The 
graduations  indicate  at  once  the  number  of  grs.  of  urea  in  a 
fluid  ounce  of  urine,  when  i  c.  c.  is  taken  for  the  estimation. 
(See  Fig.  70.) 

The  process  is  conducted  as  follows :  A  25-per  cent,  solution  of 
KBr  is  added  to  the  fifth  division.  The  chlorinated  soda  solution 
is  then  added  to  the  fifteenth  and  twentieth  division.  The  tube 
is  now  inclined  and  pure  water  poured  carefully  down  the  side 
of  the  tube  and  floated  ufX)n  the  top  of  the  fluids  already  in, 
I  c.  c.  of  urine  is  then  added,  in  the  same  inclined  position,  so 
that  it  will  not  mix  with  the  reagents  below,  but  remain  in  the 
water  at  the  surface  of  the  fluid.  'Ihc  open  end  of  the  tube  is 
now  (juickly  closed  with  the  thumb,  and  the  top  firmly  grasped 
in  the  right  hand.  The  lube  is  now  inverted,  and  the  contents 
well  mixed.  A  rapid  deco)n|X)sition  takes  place,  which  is  usually 
ended  in  from  three  to  five  minutes.  During  this  time  the  liquid 
is  kept  agitated  without  violent  shaking.  As  soon  as  the  effer- 
vescence has  ceased,  the  reading  is  taken  at  the  surface  of  the 
fluid,  with  the  tube  still  held  in  the  inverted  position.  It  is  now 
opened  under  water,  when  the  column  of  fluid  in  the  tube  will 
fall,  and  the  reading  is  taken  again.  It  is  best  to  have  a  wide, 
deep  jar  for  the  water,  so  that  the  tube  may  be  depressed  to 
l)ring  the  surface  of  the  liquid  in  the  tube  to  the  surface  of  the 
water  in  the  jar ;  but  an  ordinary  bowl  may  be  used,  as  the  error 
caused  by  the  difference  of  three  or  four  inches  of  water  is  very 
slight.  The  diflerence  in  the  two  readings  gives  the  mmibor  of 
grains  of  urea  in  a  fluid  ounce  of  urine.  This  quantity,  multi- 
plied by  the  numl)er  of  fluid  ounces  passed  in  twenty  four  houre, 
gives  the  amount  of  urea  excreted  in  twenty-four  hours,  whi«  h 
should  be  not  far  from  500  grains.  A  less  quantity  than  350  grains 
in  an  adult,  who  is  eating  the  usual  amount,  should  be  regarded 
as  pathological,  and  suspicious  of  nephritis,  or  deficient  kidney 
excretion. 
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Uric   Acid,  CjH,N,0,,  is  a   constttucDt   of  normal    urine, 

somciimcs  otxurring  in  the  free  state,  liut 
otitiicr  ill  (onibination  with  jjutahsiiim,  «.»- 
diiim,  aranionium,  and  (wrtasionally  « ith 
laltiuin  ami  magnoium,  usually  lalled  col- 
Itttively  urates.  For  the  descTtjytion  of 
this  acid  sec  I 'art  IV. 

Uric  acid  is  M>luble  in  14.000  {arts  of 
rold  water,  and  is,  thtrcforr,  frequently  mtl 
with  as  aK'diment,  and  is  then  dctettcd  by 
niicrust ojjical  examination.  In  quantity  il 
^arits  from  .4  to. 8  grni.  (from  6  to  12  gr&.) 
in  14  hours. 

Detection. —  It  is  best  recogiiizcd  when 
in  the  free  stale  by  the  microscope.  'Ilic 
crystals,  as  seen  with  this  instniment,  are 
colored  yellow  or  reddish,  and  api.car  in 
a  \aiicty  of  shapes,  the  most  common  l>cing 
the  •'lozenge"  or  "whetstone"  sha|  e. 
They  are  sometimes  large  enough  to  Inr  seen 
with  the  naked  eye,  when  they  appear  as 
minute,  garnet-colored  grains  adhering  to 
the  sides  or  upon  the  bottom  of  tlie  vessel. 
Chemical  Tests. — No.  i. — Murexid 
Test. — Kvaporate  a  |iortion  of  the  urine  to 
dryness  in  a  porcelain  dish  upon  a  water 
bath.  Moisten  the  residue  with  nitric  a*  id, 
and  after  evaporating  off  the  acid,  moisten  the  residue  with  ammo- 
nium hydroxid  If  uric  acid  be  present,  either  in  the  free  state 
or  combined,  the  residue  assumes  a  beautiful  purple  red  color, 
due  to  the  formation  of  murexid.  The  reaction  is  said  lo  occur 
also  with  xanihin.  hyi  oxaiUhin.  tyrosin,  and  some  other  bodies. 
No.  2.  Carbonate  of  silver  Test..— Render  the  urine 
decidedly  alkaline  with  Na^CO,  or  K,CO,,  and  moisten  a  filter 
paper  with  the  liquid.  Now  touch  the  moistened  fapcr  with  a 
solution  of  AgNO,.  A  distinct  gray  stain  indicates  the 
presence  of  uric  acid. 

The  quanlilalive  estimation  of  uric  acid  is  tedious  and  difficijlL     The  usufti 
method  is  to  acidify  the  urine  with  HCI  and  set  aside  for  34  hours.     At  the 
end  uf  that  liuc  the  uric  acid,  which  has  been  scl  free  l>y  the  llCt,  aeparntcs 
nut,  owing  lo  its  inMlubitUy.  and  is  fiunrl   sdhrrin^  to  the  ixdrs  and  tutilc 
of  the  vessel.     It  is  collected  on  a  weighed  lilter.  washed  thorout:hly,  p 

» dried  at  loo^  C.  (212°  V.),  mu\  weigheil.  The  weight  of  the  tiller  wKh 
contcnis,  minus  the  wciphi  of  the  lilter  alone,  give*  the  veiglit  of  the  oiic  a 
in  the  volume  of  urine  token. 
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The  acidily  of  Ihe  urine  incrensrs  uiib  the  amount  of  uric  acid  excietcd. 
T-tie  total  acidity  of  noimal  urine  is  equivalent  to  the  ariilily  of  2  to  4  gmis. 
of  oxalK  acid  in  24  hour^.  I  he  i;uatci  pdil  v(  litis  acidily  is  due  tu  the  Acid 
sodium  phosphate  produced  hy  (he  reactiuu  of  uric  acid  upon  NajiPOf,  and  the 
rest  is  due  to  the  organic  acids,  mcKt  likely  lactic. 

Tht  acidity  may  be  estimated  by  a  decinormal  solution  of 
socJiiiin  hydroxide  25  c.c.  of  the  urine  arc  diluted  with  75  c.c. 
of  water  in  a  beaker.  Three  drojjs  of  an  alcoholic  solution  of 
phcnoli^hlhalin  are  added,  and  a  decinormal  alkali  rnn  in  from 
a  burette,  until  a  slight  j^ink  color  is  produced.  The  urine  must 
be  fresh  for  this  estimation.  The  acidity  may  Ik;  calrtilaied  as 
phosphoric  acid,  as  acid  sodium  phosphate,  or,  as  is  frequently 
done,  as  oxalic  acid,  hach  c  c.  of  the  decinormal  alkali  is 
etpiivalent  to  0.0049  K*""^*  *^*  phosphoric  acid,  or  0.012  grm. 
(.01198  more  exactly)  of  acid  sodium  phosphate,  NaHjPO^,  or 
0.0063  of  oxalic  acid.  Kach  molecule  of  arid  sodium  phosphate, 
or  each  1:20  |>arts,  is  equivalent  to  one- half  molecule,  or  84 
])arts  of  uric  acid,  as  i^ill  be  seen  by  the  following  reaction  : — 

NftjPOj  -h  2C5U,N^OjH,  =  2NaHCjH,NjO,  4.  NaH.Rl,. 

Hence,  each  c  c.  of  decinormal  alkali  is  the  equivalent  of  0.0084 
of  uric  acid. 


ABNORMAL  CONSTITUENTS  OF  URINE. 

These  are  albumin,  globulin,  aU>umose,  |»eptone,  glucose^ 
acetone,  diacetic  acid,  bile-coloring;  matters  and  acids,  blood, 
blood-coloring  matters,  pus,  chyle,  and  abnormal  sediments, 
such  as  casts,  excessive  amount  of  eiiitheliiim,  miKUS.  etc. 

Albumin. — Albumin  is  found  in  the  urine  at  times  without 
apparent  disturbance  of  health.  Usually,  however,  it  is  re- 
garded as  jiathological,  and  is  so  often  assccialcd  with  the  vari- 
ous inflammatory  diseases  of  the  kidney,  that  its  presence  is  often 
taken  as  evidence  of  some  one  of  these  diseases.  It  occurs 
princip.iUy  in  the  form  of  serum  albumin.  It  is  coagidated  in 
the  urine  by  a  tem|verature  of  froni  73  to  75"  C,  (1634  to  167'' 
F).  In  all  cases,  the  urine  should  be  ( Icar  before  applying  the 
tests  for  albumin  If  not  clear  it  should  Ix*  ^irh<*r  M-ttlcd  nnd 
decanted  or  filtered.    The  tests  for  nlbun  11 

its  coagulation,  and  the  formation  of  a  i. 
A  few  tests  depend  u|X)n  a  change  in  color.      Tbu  teats  liial  «i 
most  satisfactory,  when  applied  to  the  tirinc.  ^ 

1.  Heat  al>out  5  c.  c  of  the  urine  to  br  It 


HIS 


MSDICAL   CWeWISTRr. 


is  then  examined  for  even  the  slightest  amount  of  turhidity. 
This  tnrhidity,  if  present,  will  be  due  to  albumin  or  earthy 
phosphates.  Now  add,  slowly,  a  few  drops  of  ascetic  or  nitric 
at  id.  If  the  turbidity  be  due  to  the  phosphates,  it  disap|>ca.rs, 
while  if  it  be  due  to  allmmin,  it  remains  ])ennanent  Care  roust 
be  taken  in  the  addition  of  the  acid,  after  l>oiling,  to  note  the 
effect  after  each  drop  is  added,  and  to  go  on  adding  until 
there  can  be  no  doubt  that  the  urine  is  distinctly  acid.  This 
test  will  show  traces  of  albumin  under  the  most  favorable 
conditions. 

2.  The  Contact  Method.— Place  2  c.c.  of  pure  HNO,  in 
the  test  tube,  and,  inclinin;^  the  tuin:  to  one  side,  pour  ihc  urine 
carefully  down  the  side  of  the  tube  so  that  it  may  lloat  upon  the 
acid.  This  is  best  done  with  a  pipette,  or  by  pouring  the  urine 
from  one  test-tube  into  another,  holding  both  in  a  nearly  hori- 
zontal ]josition.  If  this  Ik?  done  carefully,  there  will  be  very 
link-  admixture  of  the  two  lit^iiids.  If  albumin  be  present,  a 
white,  opique  /one  of  coagulated  albumin  appears  at  the  line  of 
contact  of  the  two  fluids.  A  brown  zone  will  frequently  be  seen 
at  this  point,  which  grows  in  intensity  on  standing,  and  is  due 
to  the  action  of  the  acid  on  the  coloring  matters,  but  it  does  not 
give  any  turbidity  unless  albumin  is  present.  If  bile  l>c  present, 
the  color  may  be  green  ;  if  blood,  brown-red.  This  lest  is  de- 
cidedly more  delicate  than  No.  1. 

Precautions. — Occasionally  after  the  administration  of  tur- 
pentine, or  lialsaTus  and  resins,  these  are  precipitated  by  HNO^  as 
a  yellow-white  cloud,  which,  however,  is  soluble  in  alcohol  I 
have  never  seen  the  uric  acid,  sometimes  set  free  by  HNO,.  to 
even  resemble  the  preci]>itated  albumin,  so  as  to  give  any  possi- 
bility of  a  mistake.  Roberts  modifies  this  test  by  using,  instead 
of  pure  nitric  acid,  a  mixture  of  one  volume  of  HNO^and  five 
volumes  of  a  saturated  solution  of  MgSO^.  This  reagent  is  as 
sensitive  as  HNO,,  and  pleasanter  to  handle.  It  is  used  in  the 
same  way. 

3.  Acidulate  the  urine  with  acetic  acid,  filter  if  mtich  mucin 
is  precipitated,  and  then  add  a  few  c.c.  of  a  solution  of  {XJtas- 
sium  ferrocyanide.  Or,  l>etter,  float  the  acidulated  urine  over 
the  KjFeCyfl  solution.  If  albumin  be  present,  it  appears  as  a 
white  precipitate.  This  reagent  does  not  iireripitnte  jwpione, 
mucin  or  alkaloids.     It  is  a  very  delicate  and  relial)le  test. 

4.  .\  cold,  saturated  solution  of  picric  aci<l  may  be  used  by 
the  contact  method.     At  the  line  of  contact,   the  albumia 

Lppears  as  a  wlute  zone.     Nj  previous  acidulation  of  the  uriuej 
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is  usually  required-  Some  prefer,  however,  to  add  acetic  acid  to 
insure  decided  acidity.  Heat  afterward  to  dissolve  alkaloids, 
mucin,  pcptont^  and  urates,  which  are  precipitited  with  the 
aJlminin.  It  is  better  to  heat  the  urine  before  adding  the  test 
solution. 

5.  Sodium  Tungstate  Solution. — Reagent:  Made  by 
mixing  cqiial  j>arts  ot  cold  saturated  solution  of  sodium  tungs- 
tate and  citric  acid.  .\s  its  specific  gravity  is  heavier  than  that 
of  urine,  it  is  best  applied  by  the  contact  method.  This  is  an 
extremely  delicate  test»  and  precipitates  at  the  same  time  pep- 
tones, muciRf  some  alkaloids  and  urates,  which  are  dissolved  by 
heating. 

6.  Tanret's  Test.— Potassio-Mercuric  Iodide  Test. — 
Reagent  prepared  as  follows:  Mercuric  chloride  1.35  grms., 
]}otassium  iodide  .^  32  grms.,  acetic  acid  30  c.  c,  distilled  water 
80  c.  c. ;  the  HgCl,and  KI  are  sefiarately  dissolved  in  water  and 
then  united,  and  the  acetic  acid  afterward  added.  The  rusult- 
ing  liquid  is  heavier  than  urine  (specific  gravity  1040),  and  is 
best  used  by  the  contact  method.  It  is  exceedingly  delicate, 
detecting  i  ]>art  of  albumin  in  20,000  pJrts  of  urine.  Heat  to 
dissolve  the  alkaloids   mucin  and  pi'ptone,  as   in   tests  4  and  5. 

7.  Acidulated  Brine  Test. — Reagent :  To  a  pint  of  a 
saturaietl  solution  of  common  salt  add  one  ounce  of  HCl  and 
filter  if  necessary.  This  is  a  delicate  test  for  albumin  when 
proj>erly  used.  It  ha.s  a  high  specific  gravity  and  is  best  used 
as  follows:  The  solution  is  heated  to  boiling  and  the  urine 
added  by  the  contact  method.  II*  albumin  l>e  present,  it  appears 
as  a  zone  at  the  contact  surface.  It  does  not  precipitate  peptone, 
albumosc,  or  the  alkaloids. 

8.  Trichloracetic  Acid. — This  is  a  white,  crystalline  acid, 
sometimes  employed  as  a  test  for  albumin.  It  may  be  used  in 
the  form  of  a  saturated  solution,  by  the  contact  method,  or  the 
crystals  may  b^  added  directly  to  the  urine,  when  they  will 
form  a  strong  solution  at  the  bottom  of  the  tube.  It  presents 
no  dccide<l  advantages  over  the  tests  above  mentioned- 

9.  A  solution  of  salicyl-sulphonic  acid  in  water  is  a  very 
delicate  test  for  all  forms  of  albumin,  and  is  to  be  recommended 
becaiise  it  does  not  precipitate  peptone,  mucin,  or  the  alkaloids. 
It  is  a  white,  crystalline  com()Ound,  formed  by  saturating  strong 
H,S()^  with  salirylic  acid,  and  setting  aside  to  crystallize 

Metaphosphoric,  or  glacial  phosphoric  acid,  has  also 
been  reiomnr.'nded  by  some  as  a  reliable  lest  for  albumin  in  urine. 
Albumin   test   papers,  suggested  by  Dr.  Oliver,  mav 
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prepared  by  Faturating  bibulous  paper  in  solutions  of  potas&io- 
mercuric  ioUide,  of  j)OUissium  fcrroryanifle,  and  of  citric  acid. 
To  use  these  i)aijers  the  uiine  is  acidified  with  one  of  the  liiric 
acid  |:apers,  and  then  cither  a  |X)tassio-mercuric  iodide  or  a 
potassium  ferroi :yanidepai>er  added. 

The  quantitative  esiimalion  of  albumin  is  of  considerable 
imi>ortance,  but  somewhat  difficult  to  perform.  Comparative 
tests  are  all  that  tlie  clinician  will  iLSually  find  necessary.  The 
cn:siest  approximate  method  is  to  lK>il  a  given  quantity  of  the 
urine  in  a  lest  tube,  add  a  or  3  droijs  of  nitric  acid,  set  aside 
for  12  hours,  and  note  the  volume  occupied  by  the  precipitated 
albumin.  This  is  generally  spoken  of  as  volume  per  cent., 
and  has  no  relation  to  actual  percentage. 

A  more  accurate  method,  and  one  suffifiently  so  for  clinical 
purposes,  is  with  Esbach's  albuminometer.  'rhis  consists  of  a 
graduated  glass  rube,  shown  in  l-'it;.  71.  To  use  the  Instrument, 
fill  to  U  with  urine,  and  to  Rwith  the  test  liquid.  Close  the 
tube  by  a  rubber  stopi>er,  mix  by  agitation,  and  set  aside  for  34 
hours,  Each  of  the  main  divisions  which  the  precipitate  covers, 
represents  1  grm.  of  albumin  in  1  liter  of  urine. 


TeU  solution:    Picric  add, 10  gnns. 

Citric  acid, 20  grma. 

Water, looo  grms. 
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Densimctric  Method. — Take  the  specific  gravity  as  accu- 
rately a.s  (Kjssiblc,  noting  the  t(m|»erature.  Coagulate  the 
albumin,  by  boiling  with  tlie  least  amount  of  acetic  atid 
that  will  complttely  do  this.  Filter  from  albumin.  Bring 
the  filtrate  to  the  same  temperature  as  liefore,  and  take  the 
sp:;cific  gravity  again  The  difTerence  in  specific  gravity 
de^i^rees  multiplied  byo.4givts  the  grams  in  100  c.c.  of 
urine.  Or,  a  diPference  of  one  degree  in  sp.  gr.  gives  o  400 
grm.  albumin  in  100  c.c.  of  the  urine.  It  will  be  seen, 
therefore,  that  the  specific  gravity  should  be  very  accurately 
taken  with  the  picnometer. 

Serum  Globulin,  or  paraglobuHn,  is  ustially  asso- 
ciated with  serum  albmiiin,  fromwliicli  it  may  be  separated. 
It  may  be  detected  in  the  urine  as  follows:  To  a  large 
volume  of  water  in  a  beaker  or  urine  glass  let  fall  a  few 
drops  of  albuminous  urine  If  globulin  be  present,  each 
drop  as  it  falls  will  be  followed  by  a  milky  train,  which, 
when  enough  is  added,  forms  an  opalescent  cloud  in  the 
water.  The  addition  nf  acetic  acid  dissolves  this  cloud. 
This  test  dejjends  upon  the  fact  that  globulin  is  soluble  in  a 
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weak  solution  of  sodium  chloride,  but  on  greatly  diluting  this 
sohition,  the  globulin  becomes  insoluble,  as  in  pure  water.  It  is, 
therefore,  precipitated  by  diluting  the  urine  until  the  specific 
gravity  is  1002  to  1003. 

It  may  be  precipitated  by  rendering  the  urine  slightly  alkaline 
with  NH^OH,  filtering  to  separate  the  phosjibatcs,  and  adding 
to  the  filtrate  an  equal  voltime  of  a  saturated  sohition  of  ammo- 
nium sulphate.  If  a  precipitate  forms,  it  is  globulin.  It  occurs 
with  scrum  albumin,  and  rartly  without  it.  It  is  most  abundant 
in  lardiceous  kidney,  in  some  cases  of  acute  nephritis,  and  in 
the  temporary  albuminuria  of  disordered  digestion. 

Albumoses,  or  Propeptones, — To  test  for  albumose  it  is 
best  to  tirat  remove  the  albumin.  This  is  best  done  by  acidifying 
the  urine  with  a  few  drops  of  acetic  acid,  and  adding  about  one- 
tiiird  its  volume  of  a  strong  solution  of  common  salt,  boiling, 
and  filtering.  Albumin  and  globulin  are  thus  removed.  The 
filtrate  is  aUowe<i  to  cool,  and  any  turbidity  which  sef»arates  on 
cooling,  or  after  the  further  addition  of  the  salt  solution,  and 
which  disajipears  by  heating  to  rt;-appear  again  on  cooling,  is 
albumose  or  propeptone.  Or,  after  the  removal  of  the  albumin 
and  globulin  as  above,  the  solution  may  be  saturated  with  am- 
monium sulphate,  when  albumose,  if  present,  will  be  pr^'cipi- 
taled.  The  only  disease  with  whicli  it  appears  to  be  associated  is 
osteomalacia. 

Peptone. — Peptone  is  not  present  in  normal  urine,  but  is 
occasionally  found,  cither  with  or  without  albumin.  Peptone 
diflfers  from  albumin  and  albumoscs,  in  that  it  is  not  precipitated 
by  tests  Nos.  i,  2,  3,  7,  and  8,  but  is  precipitated  by  Nos.  4,  5, 
and  6,  and  by  tannin,  phospho  tungstic  acid,*  and  Millon's 
reagent.  When  precipitated  by  tests  4,  5,  and  6,  it  is  dissolved 
when  the  solution  is  warmed,  and  sejiarates  again  as  it  cools. 
Peptone  gives  with  the  biuret  reaction,  a  rose-red  color,  while 
albumin  gives  a  pur])le  or  blue. 

Tests  for  Peptone. — These  all  ref|nirc  previous  treatment 
of  the  urinu.  If  albumin  Ix-  present,  it  should  first  l)e  removed. 
either  l)y  saturation  with  ammonium  sulpnate  and  filtration,  or 
by  the  addition  of  artrtic  acid  and  |>ota.ssium  ferrot  yanidc  and 
filtering.  It  is  usually  desirable  to  decolorize  the  urine  by  the 
addition  of  a  solution  of  lead  acetate  as  long  as  it  produces  a 


*  Phnspho-ltingstic  acid  is  nwile  by  milling  H^PO^  Co  a.  hot  solution  of  Mxliiim 
tungstatc  till  decidedly  itcid.  Cool,  and  render  strongly  acid  with  acetic  acid. 
Killer  uflrr  sluiding  over  night. 
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precipitate,  and  filtering.  The  test  may  now  be  applied  lo  this 
tiltrate.  Phospho-tungstic  acid,  acidulated  with  acetic  acid, 
added  to  this  filtrate,  will  precipitate  peptone,  if  present.  But 
if  il  be  present  in  small  quantities,  the  cloudiness  ap|>ears  only 
after  5  to  lo  minutes, 

A  less  sensitive  lest  than  the  alx>ve  is  made  by  floating  the 
urine  upon  some  Fehling's  test  solution.  At  the  point  of  con- 
tact, a  delicate  rose-red  zone  will  indicate  peptone.  When 
positive  this  test  is  valuable,  but  when  negative  it  will  not  prove 
the  absence  of  ijeptone. 

The  presence  of  peptone  in  the  urine  although  not  positively 
settled,  is  believed  to  be  due  in  most  cases  to  the  disintegration 
of  pus  corpuscles  somewhere  in  the  body,  and  the  absorption  of 
the  decomposition  products  It  is  found  in  many  of  the  acute 
fevers  and  in  many  acute  inflammatory  processes.  It  may  serve 
to  tell  whether  a  pleuritic  effusion  is  purulent  or  not,  and  to  dis- 
tinguish tubercular  from  epidemic  cerebro-spinal  meningitis,  as 
the  latter  is  usually  attended  with  pej>:onuria,  while  the  former 
is  not. 

Mucin. — Mucin  is  secreted  by  the  healthy  mucous  mem- 
branes. It  cannot  be  regarded,  therefore,  as  abnormal  in  the 
urine  until  it  is  present  in  increased  amount,  and  then  it  indi- 
cates an  irritated  or  inflamed  condition  of  the  membranes  of  the 
urinary  tract.  It  is  not  precipitated  from  its  solutions  by  boil- 
ing, but  is  precipitated  by  alcohol,  dilute  mineral  acids,  acetic, 
picric,  and  citric  acids.  It  is  best  detected  by  its  forming  a 
sediment  on  standing,  which  floats  as  a  translucent  cloud  near 
the  bottom  of  the  conlainiug  vessel,  but  not  ujKin  it.  It  may 
also  be  detected  by  floating  the  urine  u|>on  a  solution  of  citric 
or  acetic  acid,  when  just  above  the  line  of  contact  a  somewhat 
indefinite  zone  or  coaguUim  gradually  makes  its  appearancre. 
Albumin,  when  jjresent,  is  not  precipitated  by  these  acids  with- 
out the  application  of  heat. 

We  may  also  prerijiitate  mucin  by  the  addition  of  alx>ut  two 
jmrts  of  akohol  lo  one  i)arl  of  urine,  when  mucin  and  any  albu- 
minoid bodies  ]>resent  will  precipitate.  The  jirecipitate  may  be 
filtered  out,  washed  with  akohol,  and  the  mucin  dissolved  out 
with  warm  water,  when  it  may  be  precipitated  from  the  liltratc 
again  with  alrohol  or  the  dilute  acids. 

Accidental  Albuminuria. — ^Whenever  the  urine  contains 
blood,  pus,  or  sennis  discliarges  it  will  of  necessity  contain 
albumin.  Fibrin  will  be  found  when  there  arc  hemorrhages 
from  the  genitourinary  ^xissages,  and  in  intense  or  acute  inBam- 
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mations  of  the  kidneys  Ii  also  ooctirs  in  the  urine  of  most 
cases  of  chyluria.  It  is  readily  recognued  by  its  spontaneous 
coagulation,  forming  a  thirk,  gelatinouS|  glairy  mass,  sejjarating 
at  the  bottom  ol  the  containing  vessel.  The  roagulum  may  be 
httered  out  and  its  solul)iUiy  determined.  If  insolut»le  in  dilute 
alkalits  anil  lo  ]>er  cent.  NaCl  solution,  it  is  fibrin. 

Blood, —  The  presence  of  blood  may  be  detected  most  read- 
ily antl  certainly  by  the  microscope,  when  the  red  blood  tor- 
p;.sclcs  may  readily  be  seen. 

Chemically,  blood-coloring  matter  can  be  detected  by  the  use 
of  the  following  test :  Mix  a  small  portion  of  the  urine  in  a  test 
tube  with  an  equal  volume  of  a  mixture  of  freshly  i»reparcd 
tincture  guaiacum  and  spirits  of  tur|>eniine.  The  turpentine 
should  previously  have  l)een  exposed  to  the  air  lor  some  lime. 
If  biood-coloring  matter  be  present,  the  mixture  assumes  an 
indigo  bUie  color,  whose  rapidity  of  formation  and  depth  of 
color  depend  upon  the  amount  of  blood-coloring  matter  pres- 
ent. Pus  frequently,  if  not  always,  gives  the  same  test.  Saliva 
and  salts  of  iodine  also  give  a  bhie  color  with  this  lest,  but  the 
color  due  to  these  substances  appears  only  after  a  considerable 
lajjse  of  time,  and  is  seldom  likely  to  mi.slead.  From  the  depth 
of  the  color  of  the  urine,  and  the  rapidity  of  the  appearance  of 
the  blue  color,  one  can  judge  of  the  relative  amount  of  blood  in 
solution.  The  spirits  of  turj)entine  used  in  this  test  may  be 
replaced  by  a  solution  of  peroxide  of  hydrogen,  or  a  mixture  of 
ether  and  H,0,  (ozonic  ether). 

Having  deierniined  ihat  blood  is  present  in  ihe  urine,  it  is  a  difficuli  maticr 
to  decide  whether  tlie  albutniiiuria  'a-  due  cnlirely  to  ibe  altmmin  introduced 
with  the  blood,  or  whether  it  is  a  true  albuminuiia  of  renal  or  inHammotory 
origin.  This  will  often  depend  upon  atbcr  ayniplonis  than  those  lo  t>c  fountl 
in  the  urine.  Dissolved  blood -coloring  matter  is  sometimes  met  with  in  ti.e 
urine,  when  it  is  called  hemoglobinuria.  In  hemuglohinuria,  blo(Kl-i-orpu.v:les 
ore  not  (o  be  found  with  the  microscoi>e,  while  in  hsematuria  ibe  corpuscles  are 
found.  It  occosionallj  happens  that  the  urine  rapidly  becomes  alkaline  after 
bring  secreted,  and  the  red  blood-cor])usclea  are  diAintrgratcd  and  dissolved 
by  the  alkaline  urine.  The  urine  containing  the  dissolved  corpuscles  is  then 
always  alkaline,  while  the  uruic  of  tnie  hcnioglubinuria  is  usually  acid.  We 
may  conveniently  disUnguish,  then,  two  conditions:  In  one,  the  blood  color- 
ing matter  is  in  solution,  and  in  the  other  it  is  Id  suspension  as  blood  corpus- 
cles. In  the  former  case  the  coloring  matter  will  not  separate  on  Maudmg, 
while  in  the  latter,  there  will  usnally  separate  within  a  few  hout%,  a  more  or 
less  abundant  red  sediment.  If  the  hcmorrbage  he  a  profuse  one,  especially  if 
ffoni  the  bladder  or  ureters,  the  blood  will  almost  all  of  it  settle  to  the  boKoui 
of  Ibe  ronluining  ve<;5cl,  and  leave  a  clear  yelluw,  almost  nonnal-Io(;king  urine 
atKJve:  while  if  the  hemorrhage  be  a  gradual  oozing  in  acute  inllammalion  of 
the  kidney,  the  coloring  mailer  will  remain  in  suspension  and  the  litjuid  retain 
its  color  lor  many  days. 
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If  we  add  an  alkali  to  uriae  containing  blood,  the  earthy  pi 
tees  arc  prccipiuied,  cairfingdoflrn  with  tSem  the  bl' 
matter  and  forming  a  blood  red  deposit.     By  the  a 
beat   the  sediment  dejioaits  more  rapidly.      If  the    unat 
Ir  alkaline,  and  the  ]>hos{>haics  have  separated  out.  w-e 
produce  a  precipitate  for  the  purpose  of  carrying  down  the 
coloring  matter,  by  the  addition  of  a  few  drops  of  a  sohil 
[gM^.     Haemin  crystals  may  be  prepared  from  this 
Lte,  by  spreading  a  smill  f*ortion  of  it  upon  a  glass  sJi^ 
treating  it  with  a  cr^-stal  of  common  salt  and  a  drop  or  two 
glacial   acetic   arid,    covering  with   a   cover  glass^    warming 
gently,  and  examining,  after  a  few  hours,  with   the   microscope. 
The  crystals  ap[>eai  as  small,  ohli^iue  plates  of  a   dark   red 
brown  color.   They  are  easily  recognizable  by  a  good  one  qtt 
inch  len>. 

Pus.— If  the  urine  contains  pus  it  will  always  be  ttirbid  to] 
the  naked  eye.  and  rapidly  deposit  a  white  or  greenish- white  sedi-f 
ment.  The  clear  solution  will  t>e  found  to  contain  alburrin  and 
globulin.  The  application  of  heat  to  the  sediment  does  not  dis- 
sipate it,  as  it  does  the  sediment  of  urates.  Neither  is  it  dissolved 
by  diluted  acids,  as  is  the  somewhat  similar  looking  precipitate 
of  the  earthy  phosj*hates.  A  whitish  sediment,  therefore,  which 
is  inMjluble  by  heat  or  diluted  acids,  and  which  dissolves  in 
stronjjly  alkaline  solutions,  giving  a  gelatinous,  ro|>y  lir^uid,  is 
probably  pus  (Donne's  lest).  When  pus  is  treated  with  a  solu- 
tion of  hydrogen  peroxide  it  undergoes  rapid  effervescence.  This 
is  a  valuable  test  for  pus  in  the  urine  or  in  other  fluids.  The 
microscope  is  a  more  certain  test  for  pus  Having  delected  pus 
in  the  urine,  it  is  somctimL*s  very  difficult  to  determine  whether 
the  albuminuria  accompjinying  it  is  accidental,  /'.  f.,  whether  the 
albumin  is  derived  from  the  pvis,  or  whether  there  is  a  true  album- 
inurii  due  to  some  disease  of  the  kidney.  The  symptoms  of  the 
pttient  will,  in  many  cases,  assist  in  determining,  though  not 
always. 

Sugar. — It  has  been  claimed  by  many  that  glucose  occurs  in 
norinul  urine,  and  it  luisbeen  disputed  by  etjually  good  airthority. 
The  most  delicate  tests  do  delett  glucose  in  most  urines  other- 
wise normal,  thoa^^h  not  in  all,  Suflfii  e  it  lo  siy  that  the  usual 
tests  and  those  hero  meiitioufd,  e\<:fpt  Molisch's,  will  not  detect 
this  substance  in  nonnd  urine.  Its  appearance,  then,  in  sufficient 
t|'ianLiUes  to  be  dele* :t_'d  hy  any  of  them  must  be  regarded  xs 
ahnormal. 

When  glucose  occurs  in  the  urine  in  an  appreciable  amount,  it 
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is  known  as  glycosuria.  When  its  occurrence  persists  for  a  con- 
siUerjIilc  time  and  in  considerable  amount,  and  is  attended  with 
an  increa-sed  amonnt  ot"  a  light-colored  nrine,  generally  of  a  high 
spec  ifit  gravity,  it  is  patholojj;ical,  and  the  disease  is  known  as 
diabetes  mellitus.  The  specific  gravity  is  some  guide  to  the  de- 
tection of  diabijteN  mellitus,  bnt  the  specific  gravity  alone  is  not 
conclusive.  A  high  specific  gravity  with  a  large  quantity  of  light- 
colored  urine,  is  strong  presumptive  evidence  of  diabetes  mellitus. 
The  finding  of  sugar  in  such  a  case  is  confirmatory.  The  detec- 
tion of  sugar  in  the  urine  is  a  comparatively  simple  process. 

Tests  for  Glucose.— Trommcr's  Test. — To  4  or  5  c,  c. 
of  urine  in  a  test  tubj,  add  one-half  its  volume  of  li<juor  sodie  or 
liquor  poiassjc,  and  1  or  2  drops  of  a  solution  of  CuSO^  (i  to 
10).  If  sugar  be  present  a  clear,  deep  blue  color  is  obtained.  If 
an  excess  of  copper  sulphate  l)e  added,  a  clear  solution  may  not 
be  obtained,  and  will,  in  this  way,  disturb  the  test.  The  solu- 
tion is  now  to  be  lieated  almost  to  boiling,  but  it  is  better  not 
to  boil.  If  sugar  be  present,  at  first  a  greenish,  and  then  a 
yellowish  turbidity  forms,  which  rapidly  changes  to  a  reddish- 
yellow  color  and  precipitates  red  cufjrous  oxide.  A  flocculent 
precipitate  of  the  earthy  phosphates  always  forms  on  adding  the 
alkali,  and  must  not  l>e  mistaken  for  sul>oxide  of  copper.  Unne 
containing  an  abundance  of  uric  acid,  the  xanthine  l)ases,  and 
mucus,  and  other  stibslances  found  in  some  urines,  will  decolor- 
ize the  blue  sohuion.  bnt  there  will  be  no  red  precipitate.  In 
fever  urines,  this  dccolorization  without  precipitation,  interferes 
greatly  with  the  em[)loyment  of  this  test.  It  is,  therefore,  not 
to  be  relied  upon  in  doubtfid  cases. 

To  eliminate  this  source  of  trouble  with  the  copi>cr  test,  it  is 
best  to  use  a  solution  of  the  acetate  of  copper,  or  sodium  acetate 
added  to  the  sulphate,  to  precipitate  the  uric  acid,  xanthine, 
hypoxanthine,  and  the  most  of  the  creatinine  and  phosphates. 

Krom  7  to  8  c  c  of  the  urine  are  heated  to  boilings  in  a  test 
tube,  and  without  filtering  from  any  precipitate  that  may  form; 
add  I  c.  c.  of  the  copper  sidphate  solution,  then,  when  |)artially 
cooled.  1  to  3  c.  c.  of  a  saturated  solution  of  sodium  acetate, 
having  a  slight  acid  reaction,  and  filter.  To  the  filtrate,  which 
should  have  a  greenish-blue  color,  add  the  alkali  or.  better,  the 
alkaline  tartrate  s<.)lution  used  to  make  Fehling*s  solution,  and 
boil  for  15  to  20  seconds.  Thus  modified,  the  copper  test  is 
much  more  reliable. 

2.  Other  Forms  of  the  Copper  Test.— Haines'  solu- 
tion is  made  by  dissolving  copjKr  sulphate  in  a  mixture  of  equal 
53 
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quantities  of  glycerin  and  water,     "^Tliis  solution  may  be 
in  larger  quantities  than  the  aqueous  solution  of  cop[>cr  used  in 
Trommer  s  test,  and  some  of  the  difficulties  of  thai  test  overcome. 
The  decolorizing  effect  of  normal  urine  is  not  sufficient  to  de- 
colorixe  a  large  amount  of  copper  solution      By  adding  a  con- 
siderable amount  of  Haines'  solution  before  heating,  this  errot^^ 
is  partially  eliminated.     Fehling's  solution  is  sometimes  enhj^l 
ployed  as  a  qualitative  test,  but  usually  only  as  a  quantitative^^ 
test;  Haines'  solution  has  all  the  advantages  oi  Fehling's,  with 
the  additional  advantage  that  it  keeps  well. 

3.  Bismuth  Test. — To  a  few  c  c.  of  the  urine  in  a  test-tul 
add  an  equal  volume  of  sodium  hydroxide,  and  then  a  fragmei 
of  bismuth    subnitrate  ;     mix  well   and  boil   for    three  to   fii 
minutes.     If  sugar  be  present,  black  metallic  bismuth  will  Im;' 
deposited  as  a  sediment.     If  the  quantity  of  sugar  be  small,  only 
a  [jart  of  the  biNmuth  will  be  reduced,  and  the  precipitate  wil 
appear -gray.     Albumin  must  be  removed  before  this  test  is  a| 
plied,  or  it  will  be  decomposed  by  boiling  with  the  alkali,  fortnJ 
ing  the  sulphide  of  bismuth,  which  will  give  a  black  precipitate. 

4.  A  better  form  of  this  test  is  as  follotvs :  A  solution  is  made 
of  bismuth  subnitrate,  2  grms.  ;  Rochelle  salt,  4  gnns  ;  sodiuni, 
hydroxide,  8  grms.  j  and  distilled  water,  100  c.  c.     The  urine 
heated  to  boiling,  and  a  few  drops  of  this  alkaline  solution  ol 
bismuth   added,    and   on  continuing   the   boiling,    if  sugar 
present,  the  mixture  turns  black      As  in  the  previous  test,  al-" 
buniin  must  be  absunt  before  this  test  is  applied.     This  reagent 
is  exceedingly  delicate,  and  it  is  claimed  to  delect  .025  i)ercenl 
of  glucose. 

S-  Picric  Acid  Test. — To  about  5  c.  c.  of  urine  add  one- 
half  as  much  of  picric  acid  solution  (as  in  testing  for  albumin  ufl 
and  then  2  c.  c.  of  liquor  potiussie  or  liquor  sodse,  and  boil.  If 
sugar  is  present,  a  dark  mahogany-retl  color  is  developed.  If  no 
sug.ir  is  present,  a  dark  hue  is  dcveloi>ed  before  boiling,  but  not 
tlie  dark  color  above  described.  i(  albinnin  is  present,  a  lur^ 
bidity  will  form  on  ttie  addition  of  the  picric  acid,  but  it 
not  interfere  with  the  test. 

6.  Moore's  Test.— Add  to  the  suspected  urine,  one-half 
volume  of  liquor  sod:e,  and  boil.     If  sugar  is  present,  a  dark- 
yellow,  brown,  or  chocolate  color  is  produced.     The  depth  of 
color  is  ])roportioiial  to  the  amount  of  sugar  present. 

7.  Indigo-carmine  Test.— Reagent :     Mix  one  part 
indigo  carmine,  or  of  dried  commercial  extract  of  indigo,  wii 
30  ^xirts  of  pure  dry  sodium  carbonate.     To  5  c.  c.  of  the  si 


t  not 
iark-^ 


ABNORMAL    CONSTITUENTS    OF    URINE. 


827 


perted  urine,  add  enough  of  the  above  powder  to  give  a  trans- 
parent, blue  solution,  and  heat  to  boiling.  If  sugar  is  present, 
the  solution  changes  to  violet,  cherry-red,  and  finally  yellow- 
On  agitation,  these  colors  appear  in  the  reversed  order. 

Instead  of  extract  of  indigo,  a  solution  of  sulphate  of  indigo 
with  an  excess  of  sodium  carbonate  may  be  employed  None  of 
the  ordinary  constituents  of  the  urine  affect  this  test  while  all  the 
acids  of  the  urine  affuct  Fehling's  solution  ;  and  many  other 
substances  which  reduce  the  copper  test  do  not  affect  the  indigo- 
carmine  test.  In  careful  hanJs  it  is  very  much  to  he  recommended 
as  a  sensitive  and  relial>le  test  for  glucose  in  the  urine. 

8.  Phenylhydrazin  Test. — For  the  details  of  this  test  see 
gJucose  in  Tart  V.  of  this  book. 

9.  Alphanapthol  Test. — MoUsch*s  Test. — ^I'o  i  c.  c.  of 
the  urine  add  2  c,  c.  of  a  saturated  solution  of  a-naphthol,  and 
after  mixing,  add  an  excess  of  lIjSO^.  If  sugar  be  present,  a 
deep  violet  color  is  developed.  On  dihition  with  water  a  blue 
precipitate  occurs,  which  is  soluble  in  alcohol,  ether,  and  potas- 
sium iiydroxide,  to  give  a  yellow  solution.  If,  instead  of  naph- 
thol,  we  use  thymol  or  menthol,  a  deep  red  color  is  produced, 
which  gives  a  carmine-red.  flocculent  precipitate  on  dilution, 
which  dissolves  as  above  with  the  formation  of  a  yellow  solution. 
This  test  is  exceedingly  delicate,  and  reacts  with  most  sugars  and 
glucosides.  Urea,  indican,  creatinin,  xanthin,  uric  acid,  hippu- 
ric  acid,  phenol,  pyrocatechin  give  negative  results.  As  normal 
urine  generally  responds  to  this  test,  Molisch  concludes  that  it 
contains  sugar. 

The  Quantitative  Estimation  of  Glucose. — This  is 
generally  made  with  Fehling's  soltuioii.  Tlii^  solution  is  best 
prepared  in  two  parts,  which  are  kept  separately,  as  the  com- 
pleted solution  do?s  not  keep  well.  These  solutiotis  are  pre* 
pared  as  follows  t  No.  1.  34-639  gmis.  of  pure  recrystallited 
copper  sulphate  are  dissolved  in  distilled  water,  and  nude  up  to 
exactly  500  c.c.  No.  2.  175  grms.  of  chrystallized  Rochelle 
salt  and  60  grms.  of  sodium  hydroxide,  are  dissolved  in  distilled 
water,  and  made  up  to  exactly  500  t.  c.  Wlieu  needed  for  use, 
exactly  etjual  volumes  of  these  two  soUitions  are  mixed.  The 
solution  will  be  of  such  strength  that  10  c.c.  are  decolorized  by 
•050  grm   of  glucose  or  diabetic  sugar. 

The  process  is  conducted  as  follovs:  10  c.c,  of  Fehling's 
solution  are  measured  out  into  a  beaker  or  porcelain  basin, 
diluted  with  about  4or,  r.  of  water,  and  brought  to  the  boiling 
point.    The   urme   is  delivered  into  this  blue  solution  from  a 
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burette,  until  the  blue  color  is  just  discharged.  The  amount  of 
urine  added  will  then  lie  read  off  fiom  the  burette,  and  ctii^ 
amount  w'lW  contain  .050  ^rni.  ol'  ^iigar.  Krom  tiiis  it  will  be 
fSBsy  to  calculate  the  quantity  contained  in  1000  c.c.  or  a  liter. 
If  the  urine  contains  a  considerable  quantity  of  sugar,  it  will  \rc 
necessary  to  dilute  it  with  tour  volumes  of  water  l>efore  t>egin- 
ning  the  titration.  It  is  aUiays  somewhat  difficult  to  determintJ 
the  exact  dibapix'arance  of  the  blue  color,  owing  to  the  presence 
in  the  sohition  of  the  precipitated  suboxide  of  cop|>cr.  This  dillfi- 
culty  may  be  overcome  by  the  addition  of  some  substance  thai 
will  prevent  the  precipitation  of  the  cuprous  oxide  as  NH,OH,- 
KCy  or  K.Fe  (CN),. 

The  author's  method  is  as  follows :  Ten  c.  c,  of  Fehling's 
solution  arc  measured  out  into  a  suitable  flask.  To  this  10  c,c. 
of  a  freshly  prepared  10  |x.t  cent,  solution  of  potassium  ferro- 
cyanide  are  added,  and  about  30  c.  c.  of  water.  The  mixture  is 
heated  on  a  water-bath,  and  the  urine,  previously  diluted  with 
water,  if  it  contains  much  sugar,  is  run  in  from  a  burette,  drop 
by  drop,  until  the  blue  color  just  disappears,  which  can  readily 
be  seen,  as  the  solution  remains  clear  to  the  end  of  the  reaction. 
The  addition  of  the  slightest  excess  of  sugar  shows  itself  by  the 
solution  becoming  quickly  brown.  By  careful  com|)arative  tests 
the  author  has  loinid  this  method  to  l>e  accurate,  reliable,  and 
rapid,  provided  the  solution  be  not  bailed  during  the  reduction. 
The  l>est  temperature  for  the  jiroccss  was  found  to  be  between 
Sq°  and  qo*"  C.  (176°  to  194°  K.). 

Estimation  by  the  Polariscopc.— This  is  the  most  con- 
venient and  (juickest  method  for  tlie  determination  of  glucose, 
w  hen  the  quantity  exceeds  i  ynrr  cent  ,  and  when  all  the  appliances 
are  at  hand,  which  is  s.-ldom  the  case  except  in  well-equipped 
laboratories.  The  method,  briefly,  is  a*v  follows:  The  suspected 
urine,  freed  from  albumin,  is  treated  with  a  solution  of  basic 
lead  acetate,  in  the  proijortion  of  i  to  lo  of  the  urine,  ani 
filteR'd.  The  tube  of  the  polariscoi>c  is  filled  with  this  fluid, 
when  it  is  placed  in  position  and  the  rotation  determined. 

The  readings  mu.st  be  increased  by  one-tenth  (^allowance  for 
the  lead  acetate  solution). 

The  sjjccific  rotatory  power  of  glucose  is  -^  52-5°* 

The  weight  of  the  sugar  in  the  solution  will  be  given  by  the 
formula:  W  ^=:  ^ — ---,'1  in  which  a  =^  observed  rotation,  1  the 
length  of  the  tube  in  decimeters,  and  W  the  weight  of  sugar  in 
I  c.  c.  of  the  sohition. 

Sup]>ose,  in  a  given  case,  the  rotation  observed  was  4*',  after 


allowing  for  the  lead  solution,  and  the  length  of  the  observation 
tulje  was  tivo  decimeters.  We  will  then  have  W  =  — - — ,  or 
-^  =  .038  grm.  ill  I  c.c.  of  urine,  or  3.8  (kt  cent. 

As  laex'ulosc  sometimes  occurs  with  glucose  in  cases  of  dia- 
betes, and  as  it  will  rotate  the  plant:  of  j>olarized  light  to  tlie  left 
instead  of  to  the  right,  and,  in  fact,  as  there  are  a  number  of  sub- 
stances likely  to  occur  in  the  urine  which  rotate  tlie  plane  of 
polarized  light,  this  method  of  determining  sugar  i^  not  always 
free  from  error. 

Lactose,  or  milk  sugar,  occurs  in  the  urine  of  nursing 
women  or  of  women  soon  after  weaning.  Its  recognition  rccjuires 
first  its  sciKiration  from  the  Huid. 

Dextrin  has  lK;en  found  in  the  urine  of  diabetics,  where  it 
seems  to  take  the  place  of  glucose.  Other  carbohydrates  found 
rarely  in  the  urine  are  inosite,  maltose,  and  animal  gum. 

Acetonuria. — Nomul  urine  contiins  traces  of  acetone,  but  it  occurs  in 
exceuive  quautities  aa  a  pathological  condUion.  It  h  found  in  many  of  the 
fevers,  certain  fotms  of  cancer,  in  starvavion,  and  in  cerlain  nervims  InitiMrs 
accompanying  diabeles.  llie  ccmmune&t  of  these  is  febrile  acetonuria.  Its 
ap|>trmance  iti  diabetes  indicates  an  attvanied  btagL*  of  the  diatfa«>c. 

Detection. — Four  or  five  c.c.  of  the  urine  are  ireuled  with  a  few  dro{a  of  a 
freshly  made  solution  of  sodium  nitro[)ru^&ide  and  with  a  Kirong  M>lution  of 
NM^UH.  'I'he  red  color  produced,  which  appears  in  Irom  5  lo  10  minutes  if 
acctoiie  be  present,  gives  place  to  a  purple  or  violet  color,  on  the  addition  of 
ftcetic  acid.  For  a  uiote  acmraic  test  it  is  necessary  to  distil  the  luiiie  and 
apply  (he  following  te&l  (o  the  distillate: — 

Lict>en*8  Test.— To  icveinl  c.c.  of  the  distlllaie  add  a  few  drops  of  a  solu- 
tion  of  iudinc  iu  J■ota5^iurn  iodide,  and  then  a  solution  of  KOH.  If  merely  a 
trace  of  acetone  be  present,  a  precipitate  of  io«loforTn  crystals  is  dtposiied. 
This  test  is  reliable  and  dehcate  in  the  absence  of  lactic  acid  and  alcohol,  but 
if  NH^OIl  be  used  for  the  KOPI,  alcohol  will  not  form  iodoform  while  the 
acetone  will  do  so. 

Diacctic  Acid  appears  in  the  urine  of  diabetics  and  certain  fevers,  and  is 
always  an  abnormal  constituent.  It  is  most  common  in  the  conta^^ous  fevers 
of  childhood,  and  in  such  cases  has  little  significance ;  tnit  in  adults  it  is  a  grave 
sym[^tum.  as  it  usually  precedes  the  advent  of  coma.  It  ^^ually  occurs  to^etlier 
with  acetone,  and  in  the  presence  uf  ferric  chloride  produces  a  wine-red  color, 
ihhicb  is  not  entirely  characteristic,  Iwcaase  other  substances  produce  the  same 
color.  The  following  process  will  serve  for  its  detection:  A  fairly  strong 
solution  of  ferric  chloride  is  cautiously  added  to  the  urine,  and  if  a  phosphate 
precipitates,  this  is  removed  by  fdlralion,  and  nu>re  Fe,CI^  wlded  to  the  hitrate. 
if  a  red  color  appears,  it  is  divided  into  two  portions.  One  portion  is  boiled, 
whilst  the  other  is  treated  with  ll,SC)^,  and  extracted  by  shaking  with  ether. 
If  the  urine  which  has  been  boiled  shows  little  or  no  change,  while  the  l*c,CI, 
reaction  in  the  ethereal  extract  is  not  evident  after  twenty-lour  huuts,  and  if  at 
the  same  time  it  is  fouud  to  lie  lich  in  acetone,  diaceturia  uiny  be  inferred. 
Usually,  if  the  reaction  with  ferric  chloride  is  very  marked,  and  no  acetone  i% 
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discovered  to  h;  present,  we  nuy  conclude  that  ditcetic  acid  is  present,  wilh- 
OLii  [he  above  sDm^what  lediouj  tciL  Tne  urine  for  ihii  (csi  muit  be  fre^h,  is 
dtAcelic  acid  is  mpidly^  converted  into  acetone  on  standing.  Acetone  U  an 
oxid  ition  product  of  diacctic  acid.  If  the  quantitf  of  acetone  be  large  it  may 
cauv  tuxic  symptoms. 

Oxybutyric  Acid  is  found  in  the  blooi  of  diabetic  puients,  and  its  oxida- 
tion produces  diacetic  acid.  The  relaiion  of  these  three  bodies  is  then  oxy- 
butync  acid,  diacetic  acid,  and  acclone,  in  tnc  order  named. 

Lipaciduria  is  a  term  which  has  been  applied  to  the  condition  in  which 
volatile  fatty  acids  are  found  in  the  urine,  The*e  occur  in  traces  norrnallr. 
especially  formic,  acetic,  and  butyric  acids.  As  a  symptom  of  disease,  how- 
ever, they  are  often  present  in  ijuantity ;  thus,  in  the  urine  of  fevers,  in  certain 
dijieases  of  the  liver,  and  in  diabetes,  formic,  acetic,  propionic,  and  Initync 
acids,  have  been  detected.  For  their  detection  the  urine  is  di>tiUed  with  pho&- 
phoric  acid,  and  the  te»t  applied  to  the  distillate.  Fur  bimplcr  tests  we  may 
apply  the  following  :  Acetic  acid  may  be  detected  by  the  odor  of  aceltc  ether 
when  th»  distillate  is  warmed  with  alcohol  and  sulphuric  acid.  Ferric  cbloridej 
gives  a  red  tint,  which  disappears  un  boiling  if  acetic  acitl  ts  jM-esent.  Fo( 
acid  gives  a  white  iirecipitate  with  silver  nitrate,  which  blackens  on  warming. 

Fat. — Fat  occa-sionally  occurs  in  the  urine,  and  gives  to  it  a 
more  or  less  turbid  appearanrc,  which  clears  on  shaking  the  solu- 
tion with  ether.  On  separating  anj  evaporating  the  ether,  the 
fat  globules  remain  buhind.  In  chyluria  we  have  an  opacity  due 
to  fat  and  alUuminoiis  substances  in  iiuperfect  solution.  In 
some  cxses  the  apjiearance  of  this  urine  is  intermittent,  ap|>ear- 
ing  only  at  certain  times  of  the  day,  in  others  it  is  constant.  In 
some  ca.ses  chylous  urine  tieposits  a  spontaneous  clot  of  fibrin, 
while  in  others  it  docs  not.  The  fat  may  be  separated  by  ex- 
traction with  ether,  but  the  turbidity  inay  still  remain.  In  some 
cases,  however,  the  turbidity  disappears  with  the  extraction  of 
the  fat. 

Detection.— Its  detection  is  usually  sufficiently  easy  froi 
the  milky-white  color  and  the  separation  of  the  fat  on  standing. 
Microscopically,  the  fat  globules  can  be  detected  in  some  c:ases, 
but  in  others  the  microscope  fails  to  reveal  them  The  author 
has  seen  a  case  where  they  were  not  visible  with  a  one-sixteentb 
inch  objective 

Bile. — Urine  containing  bile  usiuUy  has  an  abnor<nal  color 
— eitlier  a  brilliant  ycllo.v,  a  greenish-yellow,  or  brown.  When 
the  bile  is  abimdantly  present,  the  froth  or  foam  produced  on 
shaking  the  urine  is  quite  |>ermanent,  and  is  more  or  less  colored, 
A  piece  of  hlier  paper  or  linen  moistened  with  such  urine  retains 
the  yellow  color  on  drying 

Gmelin's  Test.— Upon  i  or  2  c.  c.  of  a  partially  decom- 
po.sed  ycl  ow  nitric  acid,  in  a  test  tube,  carefully  float  4  or  5  c.  c, 
of  the  suspected  urine.     If  bile  coloring  matters  be  present,  sue- 
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cessive  colore  will  appear  in  the  urine,  l>eginning  with  green,  then 

jiassing  through  bhie,  violet,  red  and  yellow,  the  green  appearing 
at  the  lop  and  the  others  in  the  order  named  downward.  The 
green  color  is  always  present  when  bile  is  present,  but  the  red- 
dish velvet  color  must  not  always  be  taken  for  evidence  of  bile, 
as  the  normal  coloring  matters  may  produce  such  a  coloration. 

If  the  decomposed  nitric  acid,  or  nitrous  acid,  be  not  at  hand, 
it  may  readily  be  prepared  by  adding  a  fragment  of  zinc  to  ordi- 
nary pure  nitric  acid.  This  test  may  also  be  applied  as  follows; 
The  urine  may  be  mixed  with  a  concentrated  solution  of  sodium 
nitrate,  and  the  mixture  floated  upon  sulphuric  acid,  when  a  play 
of  colors  will  be  obtained  as  before. 

Ultzmann's  Test. —  To  5  c.  c  of  the  urine  add  2  c.  c.  of 
a  strong  solution  of  KOH  (t  to  3) ;  mix  well  and  add  an  excess 
of  pure  hydrochloric  acid.  The  nuKture  will  assume  an  emerald- 
green  color  if  bile  coloring  matters  1m?  present. 

Tincture  of  Iodine  Test. — Upon  the  surface  of  the  urine 
in  a  Cest  iul>e  iloat  a  feiv  drofjs  of  tincture  of  iodine.  At  the 
line  of  contact  of  the  two  fluids,  there  appears  after  a  few  min- 
utes a  beautiful  emerald-green  zone  when  biliary  coloring  matters 
arc  present.     This  test  seems  to  be  delicate  and  reliable. 

Biliary  Acids. — VVhile  the  acids  usually  occur  in  the  urine 
of  jaundiced  patients,  along  with  the  coloring  mattere,  their  de- 
tection is  not  so  easy.  We  may  use  the  following  test:  Evap- 
orate the  liquid  to  dryness,  and  with  the  residue,  consisting  of 
biliary  salts,  make  a  solution  in  alcohol,  and  then,  after  evapor- 
ating the  alcohol,  apply  Vettenkofer's  test  (see  biliary  acids) 
to  a  solution  of  the  residue  in  water.  Dr.  Oliver's  peptone 
test  is,  however,  applicable  to  urine.  The  reagent  is  prepared 
as  follows:  Pulverized  peptone  (Savory  and  Moore)  2  grms. ; 
salicylic  acid,  0.250  grm. ;  acetic  acid,  a  c  c. ;  distilled  water, 
sufficient  to  make  350  c.  c.  The  urine,  rendered  perfectly  clear 
by  filtration,  is  rendered  acid  and  diluted  until  the  specific 
gravity  is  looiJ.  One  c.  c.  of  this  urine  is  run  into  about  4  c.  c. 
of  the  above  test  solution  If  biliary  salts  arc  present,  a  distinct 
milkiness  promptly  apf>ears,  but  it  becomes  more  intense  in  five 
minutes.  Albumin,  if  present,  should  be  se[iarated  before  the 
applir-ation  of  this  test.  The  test  is  very  delicite  and  apparently 
reliable. 

Diazo* reaction. — This  reaction  is  one  thai  is  obtntnc<1  In  the  urine  of  persons 
suHenng  from  certain  S|>ecific  feven,  especially  typhoid  fever,  m(?iisle-»,  aepti- 
c;i.*tiiia,  and  in  ftotne  cases  of  phthisis.  The  reagent  is  made  as  fuUowa:  Une 
gnn.  of  the  sulphanilic  acid  U  dissolved  in  a  mixture  of  550  c.c.  of  water  and 
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15  c  c.  of  hydrochloric  acM.  A  srcond  S4>lu1jnn  is  mflde  1>y  dissolvinf^  .5 
ol  hodium  uiitiic  in  100  c.c.  of  water.  l*ive  c.c.  of  unn«  are  mixed  with 
c<|un1  volume  of  ^ulphunilic  ac'nl  soluuoiif  and  thea  with  3  or  4  <l(ous  uf  Ute 
scMliuni  nitrite  soluliun,  and,  linally,  10  drops  of  aininonii  water.  Normal 
uiIdc  khows  with  tbik  test  a  jclluw  or  orange  color  with  the  precipitation  of 
photphales.  In  certain  of  the  abo%c  named  diseases,  especially  in  typhoid, 
the  urioc  gradtully  a:>suiiics  a  carmine-red  color,  llie  froth  produced  uu 
ai^itatioa  ia  aj&o  distinctly  red,  aitd  the  precipitated  phu&phates  show  a  green 
or  violet  color.  Many  phenol  derivatives  give  a  similar  color  reaction  with 
the  above  test,  end  many  lead  to  erroneous  conclusions.  According  to  Ehrlich^ 
lliin  reaction  is  chnraiJeristic  of  the  urine  in  typhoid,  mensleii,  and  acute  luber- 
cidosis  <" hhers  deny  the  value  of  tiie  test,  the  diflcreoce  tieing  po«  ibly  due 
to  the  inteifercncc  of  phenol  derivatives. 

Ferments  Found  in  the  Urine. — Fepsin,  trypsin,  and  a  diaslasic  ferment 
have  been  found  tn  the  urine  in  addition  to  the  organized  ferments  of  Uctic, 
bulvric,  and  acetic  acid^.  and  urea.  The  peps  n  ferment  of  the  urine  ts  »aid 
to  be  ab*.ent  in  the  urine  of  typhoid  fever,  carcinoma  of  the  stomach,  and, 
according  to  some,  in  nephritis. 

Detection. — iViisin  is  best  detected  by  Sahli's  method.  A  little  pure  fibnn 
18  placed  in  the  uiine  and  set  aside  for  several  hours.  It  is  then  removed, 
I'lnced  in  diluted  HCI  (.2  per  cent.),  nnd  tlie  mixture  kept  at  u  tcni|^H:ni(urc  tif 
from  30**  to  40°  C.  ^S6^  10  ICM**  f.).  Any  pfix<iin  present  in  the  urine  is  toJceo 
up  by  the  Hbrin,  anil  the  latter  !s  slowly  di|,'rMcd  in  the  acid  Hutd, 

'Ihc  diflsta»ic  feiment  is  detected  in  the  usual  matter  by  its  cfTecl  upon 
starch  mucilage.  1'he  mil k-<.-urd ting  ferment  has  occasianally  bcca  found  in 
the  urine.     Sec  also  Organised  Ferments, 

Ptomaines  have  been  found  in  healthy  urines  as  well  as  in  morbid  urines. 
In  most  fevers,  csjicoially  in  the  specific  and  contagious  fevers,  the  urine  con- 
tains cert'iin  |)otsunous  alkaloids.  These  can  be  detected  by  first  acidifying 
the  urine  nnd  tilteting  from  any  mucus  present,  and  then  precipitating  with  the 
dnutJe  ioilide  of  potassium  and  niercur>'.  The  precipitate,  which  contains  the 
filkaloids,  is  dixtiiiguishcd  from  albumin  or  other  substances  by  its  solubility  in 
alcohol  at  n  gentle  beau 

The  Diamins  of  the  urine  may  be  precipitated,  as  lienzoyl  com|xnmds  by 
the  action  of  bcn/oyi  chloride,  and  caustic  potash.  ]iy  this  means  cadavcfiD, 
putrescin,  and  other  dinmins  have  lieen  detected  in  the  urine  of  vesical  catanb. 
Normal  urine  is  said  to  t>e  free  from  these  bodies. 


URINARY  DEPOSITS  OR  SEDIMENTS. 

Normal  urine  is  clear,  but  on  standing  it  will  visually  deposit 
more  or  less  sediment.  Urine  that  is  turbid  when  passed  will 
usually  deposit  a  sediment  wliich  may  contain  mucus,  pus,  earthy 
phosphates,  acid  urate  of  sodium,  or  an  abundance  of  epithelium 
from  the  kidney,  ureters,  or  bladder.  A  turbidity  which  appears 
within  a  few  hours  after  the  urine  is  voided,  is  most  likely  to  l>c 
due  to  acid  urates,  the  oxalate  of  lime,  or  the  earthy  phosphates. 
\\  hen  such  a  deposit  is  to  be  examined,  a  few  ounces  of  ihc 
urine  arc  set  asitje  in  a  cylinder  or  lall  vc*ssel  to  allow  the  sedi- 
ment to  accumulate.     The  srdiment  may  be  removed  from  the 
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solution  by  means  of  a  pipslte,  or  narrow  glass  tub;,  by  holding 
the  finger  upon  the  upper  end,  nniil  it  is  dejiressed  to  the  IxJttom 
of  the  glass,  and  then  on  removing  the  finger  for  an  instant,  the 
Kedinient  will  be  drawn  tip  into  the  tub;;,  when  it  may  be  removed 
for  examination.  To  the  crystalline  deposits  belong  uric  acid, 
urates,  cakium  oxalate,  the  phosjihales  or  carbonates  of  mag- 
nesmm  and  calcium,  cystiii,  hippuric  acid,  Icucin,  tyrosin,  etc. 
Organized  deposit*  may  include  mucus,  blood,  pus,  casts,  epi- 
thelium^  fungi,  and  bacteria. 

The  chemical  examination  of  the  deposits  should  be  preceded 
by  a  microscopical  examination.     In  fact,  with  a  little  exp^ri- 

FlG.   7«. 


Dbmmit  ih  **  Acto  FKHHBirTATtnH  **  ov  Uhikk.    («)  FtntmM :  (6]  AMnirpMotrs  SoDrt/M 
Umatk;  {t)  Vtac  Acid;  {it)  Cxixttm  Oxalatk. 

ence,  the  microscopical  examination  will  usually  obivate  the 
necessity  of  a  chemical  examination.  Most  of  the  unorganized 
and  crystalline  sediments  may  be  easily  recognized  by  microsco- 
pical a-i  well  as  chemical  means. 

Crystalline  Deposits. — Uric  acid  occurs  in  crystals  deeply 
stjinctl  a  browiiish-ycllow  Ut  a  li^ht  lemon  yellow  color,  differing 
HUH  h  in  form  and  sii^e.  They  arc  fiometinies  Lirge,  and  when 
gronpcd  together,  as  at  (if),  Kig.  7^,  are  liir^c  enoti^^h  to  l)C  seen 
with  the  naked  eye.  Tliey  dissolve  when  warmed  vvitli  NaOlI 
solution.  The  most  characterislir  are  those  shown  in  Figs.  72 
and  7v 

Acid  Urates. — Amorphous  urates  consist  princi[tally  of  acid 
soditnn  urate.  See  Fig.  72.  The  de|X)sii  is  amorphous  unlcas  a 
54 
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very  high  magnifying  power  is  employed.  Then  it  is  scei 
be  made  up  of  minute  gloluilar  panicles  of  a  yellow,  red, 
l>rown  color.  This  sediment  sejarates  only  from  acid  urines. 
It  dissolves  to  a  dear  solution  on  adding  a  solution  of  NaOH  or 
KOH,  or  when  heated. 

Far  the  purpose  of  (eslJng  the  solubility  of  ibe  srdiment  uoder  the  ini< 
5C0i>c.  it  will  be  found  cotivcnieiU  to  place  a  drop  or  two  of  the  soUent  on 
slide  at  one  side  uf  the  cover  gln»s^  and  put  on  the  other  side  a  piece  at 
bibulous  paper.  In  this  way  the  HuJd  is  drawn  under  the  cover  gla<a  on  the 
one  side  and  removed  at  the  other,  the  old  liquid  being  replaced  by  the  new« 
Id  iliis  way  the  action  of  ihe  reagent  upon  urinary  sediments  may  be  rradih 
observed. 

Fio.  Tj. 
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Umc  Acid.    U)  Hiinusic  Taolbs  (Whvtstukd  Fohh);  It'i  Bahski.  FoaM:  ^) 
Sheavbs;  \J)  Kusrrrss  or  WiiBTsroNn  Ckvvtal&. 


Acid  sodium  urate  somethimes  cryslalli/.es  during  the  acid  fer- 
mentation, in  the  fonn  of  larger  spheres  made  up  of  clongal 
crystals.     They  appear  under  the  microscope  as  yellowish  or' 
brown,   frt'tpiently  almost  opaque   spheres,  with   one   or    more 
spicules.     When  the  urine  becomes  alkaline  from  fermentation, 
the  amorphous  urates  are  gradually  converted  into  ammoniumj 
urate,  which  has  the  appearance  .seen  in  Fig.  74. 

Calcium  Oxalate  occurs  as  a  sediment  in  transparent, 
strongly  refracting,  regular  octahedrons,  which  are  readily  sol- 
uble in  HCl,  but    insoluble  in  acetic   acid.      They  frequently 
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accompany  uric  acid  crj^tals,  and  deposit  during  the  acid  fer- 
mentation, as  shown  in  Fig.  72.  They  are  fre<iuently  called 
envelope-shaped   crystals  from  the  fancied   resemblance  to  the 

Fii;.  74- 


DnouT  IN  AuMOKiArAL  Ukimk  (Alkammk  FanuBNTATioN).    (a)  Acid  AuHOHiim 

UhATB;    {fi)  AMHUNIO-MAGITBStUX   PlIOsrHATB;    \C)  BacTEKIVM   UsKjB. 

reverse  side  of  an  envelope  They  are  usually  of  very  small  size, 
and  occasionally  appear  »n  the  form  of  dumb-bells.  (Tigs.  75 
and   76.)     A  few  isolated  crystals  of  calcium  oxalate  have  no 
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clinical  significanre.  They  greatly  increa-sc  after  eating  such 
vegetables  as  tomatoes,  fresh  beans,  l)eet  root,  asparagus,  etc, 
Oxaluria  U  a  disease  in  which  an  unusually  large  proportion 
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of  oxalate  of  lime  is  found  in  the  urine,  together  with  certain 
well-marked  nervous  symptoms.  It  is  usually  here  associated 
with  an  excessive  amount  of  mucus  and  phosphates. 

Triple  Phosphate.  —  Ammonium  magnesium  phos- 
phate occurs  as  a  sediment  in  neutral  or  in  alkaline  urine. 
The  crystals  are  large,  transparent,  highly  refracting  prisms, 
usually  in  the  form  seen  in  Fig.  79.  Occasionally  it  occurs  in 
the  form  of  feathery  crystals  or  star-shaped  groups.  They 
are   never  colored.     They  frequently  attain  a  size    sufficient 

Fig.  77- 


A,  Crystals  <ip  Cvstin  ;  B,  Oxai-atb  op  Lime  ;  (c)  Houk-ulass  Forms  of  B. 


to  render  them  visible  to  the  naked  eye,  especially  in  a  strong 
light. 

Magnesium  Phosphate. — Is  deposited  occasionally  in  con- 
centrated urines  of  fecl>ly  alkaline  reaction. 

Calcium  Phosphate  crystals  appear  as  pointed,  wedge- 
shai)ed  prisms,  either  singly  or  in  <:lusters.  They  are  dissolved 
by  acetic  or  Iiydrochloric  acid. 

Calcium  Sulphate  is  rarely  present  as  a  urinary  sediment. 
It  occurs  in  the  form  (»f  long,  <  olorless  needles  or  prisms,  or  in 
elongated  tables  with  abrupt  extremities. 

Calcium  Carbonate  occasionally  occurs  in  the  urine  as  an 
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amorphous  deposit,  but  on  higher  magnification  it  is  seen  to  be 
made  up  of  minute  spherical  granules.     (See  Kig.  82.) 
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Dktosit  prom  a  Cksm   or  Inflaubd  Bladdu  (Ahmoniacal  Fkrmkntatiom).      («) 
DrTACKkD  EfiTHKLiUM ;  (^)  Pm  CoitrvitcuB:  (rj  'J'hiplb    PiiusrtiATB;  \ti)  Mich<>* 

UKUAMI^Mik. 

Fig.  79. 
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The  .Mohb  Usual  Forms  op  Tkiplic  I'MosrutTit  X  JOQ- 

Hippuric  Acid   occurs   occasionally  as  a  sediment  in  the 
urine  in  the  form  of  four-sided  prisms,  either  occurring  separately 
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or  in  groups.  They  are  soluble  in  ammonia,  insoluble  in  HCl. 
It  rjciiirs  t'specially  after  the  administration  of  bcnxoic  acid,  and 
the  eating  of  certain  fruits,  as  cranberries,  bilberries,  etc.  It  is 
of  no  diagnostic  importance. 

Cystin. — 'Hie  crystals  of  this  body  appear  as  regular  hexa- 
gonal i)lates,  superimposed  or  contiguous  to  one  another  (see  Fig. 
77).  They  are  insoluble  in  acetic  acid,  but  soluble  in  ammonia. 
It  is  sometimes  also  found  in  solution  in  the  urine. 

Licucin  and  Tyrosin  always  occur  together.  Tyrosin  occurs 
in  the  sediment  in  the  form  of  sheaves  of  very  fine  crystals. 


Fig.  Bo. 


Hirrvuc  Aao. 


Leucin,  commonly  associated  with  tjTosin,  is  more  soluble,  but 
occurs  to  some  cxtunt  in  the  sediment  in  the  form  of  small 
spheres,  not  unlike  oil  globules,  which  in  a  good  light  are  seen 
to  be  marked  with  radiating  strijc.  When  ijiiilc  pure,  leiicin 
crystallizes  in  delicate  plates,  but  as  it  se]>arates  from  the  urine 
it  usually  forms  little  spheres  (sec  Fig  Si).  Tyrosin  has  been 
found  in  the  urine,  together  with  leucin,  in  phosphorous  poison- 
ing, in  acute  yellow  atrophy  of  the  liver,  in  leukaemia,  and  in 
some  of  the  infectious  di.^ea.ses. 

Fat  is  deposited  in  the  form  of  strongly  refracting  globules 
of  varying  size,  and  readily  soluble  in  ether.     It  may  be  present 


URINAJtV    DEPOSITS    OR    SEDIMENTS. 


689 


in  the  urine  in  small  quantities  after  the  fracture  of  bones,  and 
in  some  chronic  cases  of  Hriglil's  disease  attended  with  fatty 
degeneration.     In  chyluria  it  occurs  in  greater  abundance. 

Indigo  occurs  in  the  urine  as  concretions  and  anioriihous  frag- 
ments, and  also  in  the  form  of  blue  crystals  and  fine  blue  needles 
cohering  together  in  clusters.  The  crystals  of  indigo  are  not  rare 
in  decompiling  and  fermenting  urines  in  which  it  results  from  the 
decomposition  of  the  indoxyl  sulphates.  They  occur  more  espe- 
cially in  the  urine  of  he|>atic  abscess  and  cirrhosis  of  the  liver. 

Fig.  Si. 


<«■)  LkuBalu;  (ftb)TTK<>siMSMKAVKs;  (4)  DoimLK  Balu 
OP  AHHORnm  Ubatv. 

Urinary  Concretions  of  considerable  size  are  occasionally 
to  be  seen  in  urine,  with  the  naked  eye.  They  consist,  for  the 
most  |»art,  of  urates,  or  urates  with  uric  acid.  Their  recognition 
is  important  in  the  diagnosis  of  renal  colic.  Their  color  is  usually 
red  or  brown  when  comjioscil  of  uric  acid  or  acid  unites.  Flios- 
phatic  concretions  of  larger  si^e  occur  more  rarely.  They  are 
light  colored.     Other  concretions  are  occasionally  met  with. 

Foreign  Bodies  occtir  in  the  urine  from  accidental  c^u.ses,  or 
from  negligence  in  collecting  thcs|Kcimen.  Wc  may  mention 
fungi,  yeast  cells,  microorganisms,  fat  globules,  fibers  of  silk,  linen* 
wool,  feathers,  wood,  starch,  etc.  IJodiesof  this  kind  will  be  seen  in 
almost  every  specimen  examined,  They  will  not  cause  any  confusion 
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after  a  little  practire,  as  but  one  of  the  kind  will  usually  be  found, 
and  they  are  so  difftreni  from  any  of  the  sediments  that  ntisbikes 
will  hardly  be  made,  rragmciitsoftunions,  as  sarcoma,  eareinoma, 
etc.,  may  oirasionally  l)e  found,  and  their  import  is  self-evident 
Organized  Deposits. — lylucous  corpuscles  are  seen  as 
round,  finely  ^laiuilar  cells,  somewhat  larger  than  blood  corjHis- 
cles,  and  containing  from  3  to  5  nuclei  They  cannot  he  dis- 
tinguished from  the  colorless  blood  corpuscles.  (See  Fig.  86.) 
Pus  corpuscles  resemble  the  mucous  corpuscles  in  their  appear- 
ance.    Water  causes  these  corpuscles  to  swell,  the  nuclei  Ixcom- 

Fic.  82. 


(a)  SmiiATozriAi  (b)  AMoitriintu  Caixium  Carbohatb;  (0)  Cktstaixjiok 
Maunesiuh  Phosthatv. 

ing  more  distinct,  and  the  outline  gradually  disappearing.  Acetic] 
acid  produces  a  similar  change,  but  more  rapidly.     Solutions  ol 
KOH,  NaOH,  and  NH^OH  disintegrate  these  corpuscles,  destroy- 
ing the  cells  and  granules  ;  the  nuclei  are  the  last  to  di.sa[*ptar. 
In  alkaline  urines,  therefore,  the  mucous  and  i)iis  corjiusclcs,  if 
present,  rajiidly  undergo  disintegration 

Epithelium  cells  of  a  variely  of  shapes  are  found  in  normal 
urine  T  hose  from  the  convoluted  portion  of  the  tubnlcsare  poly- 
gonal in  shape,  but  on  remaining  for  some  time  in  the  urine,  thev 
absorb  water  and  become  globular.  They  are  a  little  larger  than 
pus  coqjuscles,  and  may  be  distinguished  from  the  latter  by  hav- 
ing one  large,  distinct  nucleus.  The  epithelium  cells  of  the  loop 


(a]  EriTHKUtm  PROM  ma  Malb  UiiaTHitA :  l6)\Ar.iHA:  (^1  Prohtatb  ;  (</)  Coi 
CuANin ;  (/)  LrrniM's  Uij^nim  ;  {/)  Fhuauk  Uhktiira  ;  (/)  UuhunaR. 
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^m       of  Henlc  and  the  larger  collecting  tubes  are  columnar  in  shape. 
■        Those  from  the  ureter,  [iclvis,  and  urethra  are  elon(s'ated  and  ron- 
H        kal,  containing  one  nucleus  near  the  centre.     Large,  tlat  epithe- 
H        Hum  cells  are  obtained  from   the  bladder,  vagina,  and    feiuale 
urethra.  (iMg.  84.)    In  chronic  cystitis.after  the  large,  flat,  irregu- 
lar cells  have  been  shed  off,  we  nruy  have  smaller,  rounded  cells, 
having  a  large  nucleus  in  com|>arison  with  the  remainder  of  the  cell. 
Old  cells,  slowly  proliferated  and  (ksquamated,  have  a  smaller  nu- 

Fir..  85. 


Ckknatiii)  Run  Bldqii  CViRruMjLBs  in  thr  UHtmc     'Kjyy 

cleusincom[wrison  with  the  rest  of  the  cell.  This  is  of  importance 
in  the  diagnosis  of  new  growths  likely  to  be  found  in  the  bladder. 

Blood  Corpuscles  in  the  urine  api)ear  as  small,  round,  disc- 
shaped cor[)uscles  of  a  light  straw  or  red  color,  and  when  seen 
on  edge  appear  bi-concave.  They  are  prone  to  changes  in  form 
and  size  on  standing  for  some  hours.  'I'hey  undergo  decotni>osi- 
tion  in  alkaline  urines,  change  their  form,  and  finally  become 
invisiiOe.     (Figs.  85  and  86.) 

Casts. — ^Casts  are  fibrinous  moulds  of  the  urinifsroiis  tubules 
and  frcipicntly  contain  blood  or  pus  corpuscles,  epithelium  cells, 
crystals  or  oil  drops,  imbedded  in  the  substance  of  which  they 
arc  composed,  from  which  they  arc  named  epithelial  casts,  blood 
casts,  granular  casts,  fatty  casts,  waxy  casts;  and  hyaline  casts. 

Hyaline  Casts  are  perfectly  clear,  transparent  cylinders. 
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without  markings,  having  nearly  the  same  refractive  index  as  the 
urine,  and   consequently   are    not   readily   seen.  esi>ecially  in  a 

Ftu.  80. 


COLORSD  AND  («)  COLORUBtt  BldoO  CORTtnCLBS  OP  VaRIOVS  FoRMS. 


Pig.  87. 


Strong   liyht.     ("Fig.  87.)     They  are   more    readily   seen   with 
oblique  iiluminatibn^  or  by  adding  a  drop  of  a  solution  of  eosin 

or  fuchsin,  to  the 
urine  while  the  sed- 
iment is  forming. 
They  are  character- 
istic of  the  very  ear- 
liest and  the  recov- 
ering  stages  of  nc- 

FlC.  88. 


HVALlNk  C*»T* 


Blood  Cast. 
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phritis,  and  are  also  found  in  congestioo  of  the  kidney,  or  in 

simple  irritative  catarrh  of  the  tubules. 

Blood  Casts  (onlain   Muod  eorpiiM  les   inil>e(.lded    in  ihei 
and    iiuliaite  an   acute   inflammation   of  the  kidney    and  t 
escape  of  blood  corpuscles  from  the  circulation  into  the  tubult 
(See  Fig.  88.)     They  are  characteristic  of  the  very  acute  stagi 
of  nephritis. 

Epithelial  Casts  are    those   in   whose  surfaces  epithelium 
cells  from  the   tubules   are   imbedded.     (See  Fig.  89.)     The 
indicate  a  shedding  of  the  epithelium   lining  the  tubules,  ani 
usually  occur  in  the  second  stage  of  the  inflammatioD,  1.  t^ 

Fic.  89.  Fic  90. 


Gkahvuui  Casts. 


EflTHRUAL  CAffTft. 


They  will 


when  the  inflammation  has  loosened  the  epithelium, 
asually  be  found  only  in  acute  nephritis. 

Granular  Casts  are  those  containing  granules,  either  small 
or  large.     The  granular  matter  may  come  from  either  the  disin- 
tegration of  the  epithelium,  blood  celts,  or  from  the  material  of 
the  cast  itself.     They  are  frequently  spoken  of  as  finely  granul 
moderately  granular^  and  coarsely  gramilar;  the  amount  of  grai 
ular  matter  giving  an  idea  of  the  amount  of  the  destnictive  di 
integration   taking  jjlace  in  the  kidney.     The  dense,   coarse] 
granular  varieties,  as  represented   by  Fig.  90,  //,  are  more  csi 
cially  found  in  the  chronic  cases.     TIic  finely  granular  cast  seen 
in  Fig.  90,  ff,  may  be  found   in   such   cases,  or  in  the  suliacui 
form  of  the  disease. 
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Fatty  Casts,  or  Oil  Casts,  are  such  as  reveal  oil  drops  in 
the  cast  material.  They  occur  io  chronic  nephritis  attended 
by  fatty  degeneration.  It  is  sometimes  difficult  to  determine 
whether  the  granular  degeneration  seen  in  these  casts  is  due  to 
the  degeneration  of  the  cast  itself,  after  having  been  formed,  or 
whether  it  is  the  result  of  the  disintegration  of  blood  or  epithe- 
lium cells.  These  casts  form  in  the  tubuKs  and  often  remain 
there  for  a  considerable  time — a  sufficient  time,  perhaps,  to  un- 
dergo granular  and  even  fatty  degeneration.  It  is  certain  that 
the  coarsely  granular  and  fatty  casts  are  never  found  in  the  first 
stages  of  the  disease. 

Waxy  Casts  are  a  variety  resembling  hyaline  casts  in  some 
instiuices,  but  are  more  dense  and  more  distorted,  and  fre(]uently 
are  cracked  or  torn  along  the  edges,  or  they  have  lost  the  regu- 
larity of  their  outline.  They  give  a  blue  color  with  sulphuric 
acid  and  iodine. 

Mucous  Casts  are  fretjucntly  spoken  of.  They  are  long, 
transparent,  fibrillar  bodies,  twisted  and  branching,  and  lacking 
in  the  terminal  features  of  casts.  They  should  not  be  regarded  as 
casts,  although  we  may  meet  with  mucous  plugs  from  the  follicles 
in  the  prostatic  urethra,  which  closely  resemble  casts.  The  char- 
acter of  the  epithelium,  with  which  they  are  as.sociated,  will  usually 
serve  to  distinj^uish  them.     Theabsenceof  albumin  will  also  assist. 

Casts  can  usually  Ih;  readily  distinguished  from  other  bodies 
met  with  in  the  urine  by  the  peculiarly  rounded  end,  formed  by 
the  pushing  of  the  cast  material  through  the  tubule  by  pressure 
from  behind,  while  still  in  a  pListic  condition.  This  rounded 
extremity  is  one  of  ti»e  most  characteristic  features  in  casts,  and 
when  in  doubt  as  to  the  identity 
of  an  object,  this  will  often  serve 
as  a  guide.  g»     ^n  ^ 

Cast)  formed  of  urates  wilt  oc-  ^  ^g  f 
c;isionally  be  met  with  and  always 
resemble  granular  casts.  (See  Fig. 
91.)  Masses  of  micrococci,  closely 
resembling  casts,  will  alsoocc^Mon- 
ally  be  seen,  but  these  can  usually 
l»e  distinguished  by  their  ap|>ear- 
ance  or  by  their  resistance  to  ^^V^^  O 
reagents,  as  caustic,  potash,  nitric 
arid,    eti:       Leucocyte     Casts 

(Fig.  93)  are  met  with  in  suppurating  conditions  of  the  tubules 
of  the  kidney. 


Fic.  9* 
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Granular  Detritus. — Under  this  name  we  will  designate 
the  ill  defined  granular  or  disintegrating  masses  of  material  fre- 
quently met  with  in  cases  of  nephritis.  These  irregular  or 
amorphous  masses  are  probably  due  to  partially  disintegrated 
cells  or  masses  of  free  granules  of  this  origin.  The  amount  of 
this  material  in  any  specimen  of  nephritic  urine,  should  be  noted 
as  an  aid  in  arriving  at  a  clear  idea  of  the  amount  of  destructive 
change  going  on  in  the  kidney.  This  point  is  an  important  one 
in  prognosis,  as  by  it  we  are  able  to  determine  that  organic 
destruction  of  the  kidney  is  rapidly  progressing  and  the  prog- 
nosis unfavorable  ;  or,  that  there  is  little  or  no  organic  destruc- 
tion and  the  prognosis  better. 

The  following  scheme  for  the  chemical  and  microscopical  ex- 
amination will  be  found  useful  as  a  guide  to  rapid  work  : — 


URINARY  DEPOSITS. 


CHEMICAL  EXAMINATION. 


White 
Deposit, 


Colored 
Deposit. 


Draw  off  a  portion  of  the  sediment  with  a  pipette  or  glass  tube,  and  transfer 
to  a  watch  glass  or  small  test-tube. 

Dissolves  on  heating  urine, Ammtmium  urate. 

Sol.  in  NH^OH, Cys/in. 

'  Soluble  in  acetic  acidi 
Earthy  Phosphates^ 
Insoluble  in  acetic 
acid,  Calcium  oxal- 
ate or  oxaiurate. 
Gelatinizes  in  NII^OH,  Pus  (see  above). 

'  Visibly  crystalline  (red), Uric  acid. 

[  I'ale,  easily  soluble  by  heat, Urates. 

Deep  colored,  slowly  soluble  by  heat.  Acid  urates 
ivith  uroerythrin, 
y  Red,  insoluble  by  heat,  alkalies  or  acids,  .  Stood. 


Iniolubic  on  heating  -j  Insol.in  NH^OH, 


Amorphous, 


MICROSCOPICAL   EXAMINATION. 


With  a  clean  pipette,  draw  off  a  small  portion  of  the  sediment,  transrer  to  a 
clean  glass  slide,  and  examine  with  a  y^  in.  or  ]^  in.  objective.  A  cover  glass 
may  be  dispensed  with. 

("  Small  granules  with  spicules  on 

Deimsit  is  larger  granules, flight     Sodium  urate. 

i»!..i^..i,».tc   1  V'anishesunaddiiig  KOll  orNaOn  \  dark  .  Atiimomum  urate, 

\  Permanent,       "  '*  "  Calcium  phosphate  (rare)*. 

[  Globules,  strongly  refracting  light j,'^ 


Amorphous. 
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Deposit 
u  Ciyi- 
talline. 


Cellular 

Elements, 


Uiine,    r  Reddish, croMorwhetstoneihapedjOrin  groups,  Uritarid. 

Acid.     J  Kcgulftr  octahedra,  envclopc-^hapcd,  .    Calcium  oxatati. 

I   IIcxaf>unal  plates,  soluble  in  NJI/!>U  (while),    .  Cystin, 

L  Bundles  of  needles  crossing  each  other,    .    .    .    Tyroan. 

Large    prisms,    soluble    in    acetic    acid    (coffin-lid 

iihaped),  Amman,  magmsium  phosphate. 
Brown,  Uuublc  spheres,  spiculaled.  Urate  of  amm<h 
mum. 

Alkaline         Club-shnped   crystais,  single  or  in  groups,  CaMum 
Urine.  phosphate. 

Double  ipheres,  radiated  structure,  soluble  in  acelic 
acid,     with      effervescence,      Caicium      uirhonate 
(rare). 
Double  spheres,  insoluble  in  acetic  acid,  Caicium 

oxaiuralt  (rare), 
r)oubIc  spheres,  yellow,  or  red,  radiated,  .  Vm  add, 
'  Red  or  yellow  discs,  biconcave;  sometimes  irregular  in  outline, 
Jihoii  cells. 
Granulated  corpuscles.   With  \  Albumen  present     ....  Pus, 
diluted  acetic  acid  show  3  v  Albumen  absent,  Mu«mi  eorpus^ 
to  5  nuclei,  J      eles. 

Round,  conictl,  or  flat  cells  with  one  nucleus,  Epithelium  from 
urinary  tract, 

Tad}}ole-sba{je,  with  lung  tail Spermatoxpa, 

Cylinders,  parallel  margins,  clear,  granular,  or  cunlaining  epithe- 
lial cells  or  blood  cells Casts  of  urinifer^s  tubuln. 

Fungi,  ycaat,  hairs,  tlireads,  etc.,  etc.,    .    .    Extraneous  matters. 


URINARY  CALCULI. 

Urinary  calculi,  or  concretions,  are  hard  masses  of  tirinary 
sediments  furiued  in  ihc  kidney,  ureters,  bladder,  or  sinuses  of 
the  [)rostaie  gland.  They  are  simple,  or  composed  of  one  kind 
of  material,  or  compound  or  mixed,  composed  of  two  or  more 
kinds  of  material,  deposited  in  concentric  layers.  In  the  ex- 
amination of  a  calculus  it  should  be  sawed  through  so  as  to  expose 
these  layers,  and  small  portions  of  each  layer  examined  separately. 
An  examination  of  a  calculus  is  necessary  to  determine  the  con- 
dition which  led  to  its  formation,  and  to  suggest  proper  treatment 
to  prevent  the  formation  of  others.  About  60  per  cent,  of  all 
urinary  calculi  are  composed  of  uric  acid  or  acid  urates.  I'hcy 
are  generally  reddish  and  smooth,  but  sometimes  luberculated. 
About  40  per  cent,  of  the  remainder  of  ihcstones  are  mixed  uric 
acid  and  earthy  phosphates,  containing  rather  more  of  the  latter 
ingredients.  When  the  calcuhis starts  as  an  uric  acid  concretion, 
and  the  urine  changes  fr<jm  nrid  to  alkaline,  the  phosphates  are 
de)>ositcd.  Ihis  is  apt  to  occur  sooner  or  later.  The  cross  sec- 
tion of  such  a  calculus  shows  very  plainly  the  diOTerent  layers. 
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Calcium  Oxalate,  or  mulberry  calculi,  comprises  about 
three  j:>er  cent,  of  all  cases  oixrrated  ujion.  lliey  are  gray  or 
dark-brown,  very  hard,  and  generally  tuberculatcd.  When 
smooth  they  arc  often  called  **  hemp-seed  calculi." 

The  phosphatic  calculi  arc  rare,  as  are  those  composed  of  cat* 
cium    carbonate,    cyslin,    xanthin,    fibrin,  blood,    indigo,    au 
urostealite. 

These  last  are  very  rare,  but  have  been  met  with. 

The  following  is  a  scheme  for  the  qualitative  exam- 
ination of  calculi  :  — 

Heat  a  portion  ol  the  powdered  stone  on  a  platinum  foil 
charcoal  with  blowpipe. 

A.  It  chars  and  burns  with  a  flame.     Probably  xanthin,  c 
tin,  urostealite,  or  fibrin. 

The  flame  burns  briefly,  and  the  powder  dissolves  in  am 
roonia,  and  on  diluting  deposits  six-sided  plates'^r  Cystin 

It  does  not  give  the  murexid  test.     The  i>owder  is  soluble 


or 


HNO, 


_  without  effervescence,  and  the  dried  residue  becomes 
orange  with  alkalies  and  red  on  warming  ^  Xanthin. 

3.  The  flame  is  yellow,  prolonged,  and  gives  the  odor  of  burn- 
ing shellac.     The  powder  is  soluble  in  alcohol  =  Urostealite. 

4.  The  flarae    is  yellow,   prolonged,  and   gives  the   odor   of 
burning  feathers.     Soluble  in  hot  KOH  solution,  and  is  prec; 
itated  again  by  acetic  acid  =  Fibrin. 

H.   //  chars ^  but  itofs  not  burn  with  fl.ame. 
I.  The  powder  gives  the  murexid  test. 

a.  It    gives   off   NH,  when  warmed  with    KOH   solution 
Urate  of  Ammonium. 

b.  It  gives  no  NH,  with  KOH  =  Uric  Acid. 
C.    The  pounder  does  not  strongly  char  or  burn.      Treated  with 

diluted,  HCl. 

I.  It  dissolves  with  eflrerveiK:ence=  Calcium  Carbonate 

%.  ll  dissolves  without  effervescence,  and  the  soUition  gives  a 
white  precipitate  with  NH^OH  =  Phosphates  or  Calcium 
Oxalate. 

Treat  the  |>owder  with  acetic  acid. 

Phosphates  <lissolve  without  effervescence. 

Mixed  phosphates  fuse  in  heating  on  foil. 

Calcium  phosphate  does  nor  fiise. 

Triple  phosphate  gives  olT  NEi,  when  warmed  with  a 
KOH  sohuiun. 

Calcium  Oxalate  is  insoluble  in  acetic  acid.     After  igniti 
it  gives  an  alkaline  powder,  whicheffervesces  with  acetic  ordilute<l 
HCl. 
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THE  URINE  OF  THE  TWENTY  FOUR    HOURS— NORMAL  AND 
PArHOLOGICAL. 

The  subjoined  table  gives  the  most  prominent  variations  in 
physical  and  chemical  characters,  with  brief  notes  of  their 
significance.  As  there  are  numerous  handbooks  upon  this  sub- 
ject, the  student  is  referred  to  them  for  details : — 


Physical 

Chakactbb. 


Color. 


Transparency. 

Consistence. 

Odor. 

Reaction. 


NoitUAL. 


Pale  straw  to 
Fcddish-yel 
low.     The 
average  col 
or  is  Aml>er. 


Clear,  with 
oaly  a  slight 
flocculent 
cloud  of  mu- 
cus. 
When  normal, 
urine  is  mo- 
bile,  like 
Wftler. 

Peculiar  to  it- 
self. 

Slightly  acid; 
becomes 
more  acid 
on  standing, 
then  be- 
comes alka- 
line. 


Altckatioks  ih  Amkokmai.  Comnnora. 


Colorless :  neuroses,  chronic  nephritis,  diabetes. 

High  colored;  acute  ferere. 

blood  red :  blood  or  foreign  color. 

Dark  brown:  hitmaturia,  poisoning  by  carbolic 
acid,  potass,  chlorate,  or  loduform. 

Smoky  brown:  presence  of  decomposed  blood 
in  acute  nephritis. 

Yellow  or  green:  presence  of  bile. 

White:  chyle  or  pus. 

Urine  turbid  when  passed,  is  abnormal.  Whitish 
sediment  may  be  pu^,  phospluiLes,  or  ammo- 
nium urate. 


When  viscid,  it  indicates  albumin,  bile,  or  pus. 


Urine  putrid  when  passed,  indicates  cystiiis. 

Urine  strongly  acid  in  fevers  and  innammations 
of  the  livcr»  heart,  and  lungs;  in  acid  dys- 
pepsia. Urine  it  alkaline  in  cystitis,  and  occa- 
sionally in  debility,  chlorosis,  certain  organic 
nervous  disea&es,  typhus,  etc. 


CoMSTiTuaim 


Sulphuric 
acid. 

Phosphoric 
acid. 


Altskatioms  or  PAxnouictcAX.  CoNmrioMs. 


Having  more  or  less  (he  same  source  as  urea,  it 

will  increase  or  diminish  therewith.  Occurs 
as  >tulphunr  ethers. 
Increased  in  fevers,  in  nerve  exhaustion,  dis- 
ease of  spinal  cord,  and  in  tubercle  of  the 
lung.  In  phnsphatic  diabetes  the  alkaline 
phosphates  are  greatly  incrrased. 
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ConsTiTV  uns. 


Amovnt 


ALTmKATioNa  XM  Patuolcxhcal  CoMnmoia. 


Oxalic  acid 
Carbolic  add. 


Phosphate  of 
lime. 


Pliosphatc  of 

magncitium. 

Chloride  of 
fiodium. 

Free  acid  (cal 
culated  a  s 
oxalic  acid) 


Indican. 


Total 

inorganic  salts 

Potassium. 

Sodium. 

Calcium. 

Magnesium. 

Mucus. 


0.3 
0.015 

4105 

7  toil 

150  to  200 

CI  =  90  to 

I30 

Na=r6olo 

80 
30  to  60 

0.07  to  0.05 


300  to  380 

38  1048 

140  to  180 
4  to  5 
2  to  3 

Variable. 


Diminished  in  many  meotal  diseases,  especially 

mania,  and  in  chlorosis. 
Increased  in  catarrlial  jaundice,  and  in  oxalic 

acid  diathesis,  mental  depression,  and  certain 

forms  of  dyspe]tsia. 
Increased  in  certain  diseases  of  the  intestines, 

cauking  constipation  (ileus,  etc.),  but  has  been 

observed  to  be  increased  ^)so  lo  certain  cases 

of  diarrhcea. 
Increased  in   osteomalacia,   rickets,    scrofula, 

carcinoma,  long-continued  suppuration,  organic 

disease  of  the  spinal  cord. 
Diminisbed  in  fevers. 


Increased  in  fevers  at  the  outset,  and  with  the 
rc-abioq^tion  of  dropsical  Buids. 

Diminisbed  during  apyrexia.  dropsies,  cholera, 
lyphu-s,  inHaininnlion!)  generally, and  especially 
in  the  forriiing  <tiage  of  pneumonia. 

Increased  during  the  acme  of  acute  iebrile 
affecliuns  (011  account,  probably,  of  the  dimin- 
ished proportion  of  water  present). 

Diminished  in  most  diseases  affecting  the  nn- 
trition  and  leading  to  a  deficiency  thereof. 

Increased  with  diseases  attended  by  constipa- 
tion and  intestinal  fermeototion,  and  occa- 
sionally, also,  in  cases  of  diarrhcea.  After 
cholera,  cancer  of  the  liver  and  slomach,  pur- 
ulent |)eritoniti:>.  Valuable  diagnostic  sign  in 
ty]:>boid  fever  and  cancer  of  the  liver. 


Increased  by  any  irritation  of  the  urinary  tract 
due  lo  uric  acid,  oxalate  of  calcium,  earthy 
]ilio«.phatcs,  etc.  Also  in  catarrh  of  the  blad- 
der or  urethra.  Increased  in  acute  fevers 
aud  in  females  from  (eucorrboeal  disdiaige. 


APPENDIX. 


RULES    FOR   THE    SPELLING  AND   PRONUN- 
CIATION OF  CHEMICAL  TERMS. 

Adopted  by  the  American  Association  for  the  Aovanckmknt  of 
SaENCE  IN  1891. 


In  1887  a  committee  was  appointed  by  the  American  Associa- 
tion for  the  Advancement  of  Science  to  consider  the  question  of 
attaining  uniformity  in  the  spelling  and  pronunciation  of  chem- 
ical terms.  The  work  of  this  committee  extended  through  the 
following  four  years.  As  a  result  of  widespread  correspondence 
and  detailed  discussion  at  the  annual  meetings  of  the  Chem- 
ical Section  of  the  American  Association,  the  accompanying 
rules  have  been  formulated  and  adopted  by  the  Association. 
They  are  submitted  to  chemists  generally,  and  especially  to  the 
large  number  of  those  engaged  in  teaching  chemistry,  with  the 
request  that  a  cordial  and  earnest  effort  be  made  to  render  their 
use  general,  and  thus  obviate  the  many  difficulties  arising  from 
the  present  diversities  of  style. 

The  following  summary  of  the  rules  has  been  arranged  in  the 
form  of  a  cliart,  by  the  National  Bureau  of  Education,  for  general 
distribution  to  high  schools  and  colleges. 

For  the  reasons  stated  in  the  preface,  we  have  not  adopted  the 
B[ietling  here  recoramende<i  for  those  substances  that  are  official. 
We  have,  however,  adopted  it  in  the  names  of  the  newer  synthetic 
remedies,  and  in  organic  compounds  not  used  in  medicine. 

It  is  yet  a  maiterof  doubt  whether  these  rules  will  be  generally 
adopted  by  English-speaking  chemists.  English  chemists  are 
not  generally  favorably  disposed  towards  the  reforms  proposed. 

GENERAL   PRINCIPLES   OF   PRONUNaATIOM. 

I.  The  pronunciation  is  as  much  in  accord  with  the  analogy  of 
the  English  language  as  (Xissible. 

d61 


OOZ  MEDICAL   CHBMISTRT. 

2.  Derivatives  retain  as  far  as  possible  the  accent  and  pn>nun- 
ciation  of  the  root  word. 

3.  Distinctly  chemical  compound  words,  retain  the  accent  and 
pronunciation  of  each  portion. 

4.  Similarly  sounding  endings  for  dissimilar  compounds  are 
avoided  (hence  -id,  -ite). 

ACCENT. 

In  polysyllabic  chemical  words  the  accent  is  generally  on  the 
antepenult ;  in  words  where  the  vowel  of  the  penult  is  followed 
by  two  consonants,  and  in  all  words  ending  in  -ic,  the  accent  is 
on  the  penult. 

PREFIXES. 

All  prefixes  in  strictly  chemical  words,  are  regarded  as  parts  of 
compound  words,  and  retain  their  own  pronunciation  unchanged, 
(as  4'ceto-,  i'mido-:  4'zo-,  hy'dro-,  I'so-,  nl'tro-,  nitrO'so-). 

ELEMENTS. 

In  words  ending  in  -ium,  the  vowel  of  the  antepenult  is  short 
if  i  (as  iri'dium),  or  y  (as  didy'mium),  or  if  before  two  conso- 
nants (as  ca'lcium),  but  long  otherwise  (as  tita'nium,  s61e'nium, 
chro'mium). 


ftlu^minum. 

gold. 

rutbe'nium. 

a'^ntimony. 

hy'drogen. 

samft'^rium. 

a^rsgnic. 

I'ndium. 

sc&'ndium. 

b&'  rium. 

I'odin. 

s^le'nium. 

bi'smuth  (biz). 

iri'dium. 

si'licon. 

bo'ron. 

iron. 

silver. 

bro'min. 

l&'ntbasum. 

so'dium. 

cftMmium. 

lead. 

strO'ntium  (sbium), 

c&^lcium. 

IX'thium. 

sfl'lfur. 

ca^rbon. 

magne'sium  (zhium). 

t&'ntalum. 

ce'rium. 

ma^'nganese  (eze;. 

lellu'rium. 

ce'sium. 

me'rcury. 

te'rbium. 

chlo'rin. 

moiy'bdenum. 

thfi''llium. 

chro'mium. 

Dl'ckel. 

tho'rium. 

co'balt. 

ni'trogen. 

tin. 

coltt^mbiuin. 

6'smium. 

tita'nium. 

c</pper. 

6'xygcn. 

Ifl'ngsten. 

dldj^^'mium. 

palla-'dium. 

ura'nium. 

e'rbium. 

piijJs'^phorus. 

vflna'dium. 

flu'orln. 

pla'timim. 

ytte'rbium. 

gft^ltium. 

pota'ssium. 

j^'ttrium. 

genn4''nium. 

rho''diuro. 

zinc. 

glutei  num. 

niblMium, 

zircO'nium. 
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Also  Hmmo'niumf  piiosphr/nium.  ha'logen,  cya'nogcn,  dmi'- 
dogen. 

Note  in  the  above  list  the  s[>elling  of  the  halogens,  cesium,  and 
sulfur;  f  is  used  in  the  place  of  ph  in  all  derivatives  of  sulfur  (as 
sulfuric,  sulfite,  sulfo-,  etc.). 

TERMINATIONS    IN    -iC. 

The  vowel  of  the  penult  in  polysyllables  is  short  (as  cyi'nic, 
fQraa'ric,  arse'nic,  sill'cic,  lo'dic,  buly'ric),  except  (i)  u  when  not 
used  before  two  consonants  (as  mercii'ric,  pn'i'ssic),  and  (a)  when 
the  penult  ends  in  a  vowel  as  benzD'ic,  olo'ic);  in  dyssyllables  it 
is  long  except  before  two  consonants  (as  bo'ric,  ci'tric).  Excep- 
tion :  ace'tic  or  act'tic. 

The  termination  -ic  is  used  for  metals  only  where  necessary  to 
contrast  with  -ous  (thus  avoid  aluminic,  amnionic,  etc.). 

TERMINATIONS   IN    -OUS, 

The  accent  follows  the  general  rule  (as  pla'tinous,  sulfurous, 
pho'sphorous,  coba'ltiis).     Exception  :  ac^'tous. 

TERMINATIONS    IN    -tttC    AND    -itC. 

The  accent  follows  the  general  rule  (as  4'cetate,  vd'nadaie) ; 
in  the  following  words  the  accent  is  thrown  back  :  a'bietate, 
a'lcoholate,  i'cetona.te,  a'ntiraonlte. 

TERMINATIONS    IN    -id    (FORMERLY    -Idc). 

The  final  e  is  dropped  in  every  case  and  the  syllable  pro- 
nounced id  (as  chlo'rid,  I'odid,  hy'drid,  6'xid,  hydro'xid,  su  Ifid, 
it'mid,  4'nilld,  mOrc'xid). 

TERMINATIONS  IN  -ane,  -enc,  -inc,  and  -one. 

The  vowel  of  these  syllables  is  invariably  lone  (as  m^'thAne, 
6'thane,  na'phthalene,  a'nthraccne,  pro'plnc,  qui  none,  d'ccione, 
ke'tOne). 

A  few  dissyllables  have  no  distinct  accent  (as  benzt^ne,  xylene, 
celdne). 

The  termination  -ine  is  used  only  in  the  case  of  doubly  un- 
saturated hydrocarbons,  according  to  Hofmann's  groupings  (as 
proplne). 


654  MEDICAL   CREHISTRY. 


TERMINATIONS  IN  -in* 


In  names  of  chemical  elements  and  compounds  of  this  class, 
which  include  all  those  formerly  ending  in  -ine  (except  doubly 
unsaturated  hydrocarbons),  the  final  e  is  dropped,  and  the  syllable 
pronounced  in  (as  chlo'rin,  bro'min,  etc.,  a'min,  d'nilin, 
mo'rphin,  qui'nin  (kwi'nin),  vani'llin,  allox&'nthin,  absi'nthiOy 
emu'Isin,  ci'ffcin,  co'cain. 

TERMINATIONS  IN  -ol* 

This  termination,  in  the  case  of  specific  chemical  conapounds, 
is  used  exclusively  for  alcohols,  and  when  so  used  is  never  fol- 
lowed by  a  final  e.  The  last  syllable  is  pronounced  -51  (as 
gly'cOl,  phe'nol,  cre'sOi,  thy'mol  (ti),  gljKcerol,  qui'nOL  Excep- 
tions: Sicohol,  a'rgol. 

TERMINATIONS  IN  -ole. 

This  termination  is  always  pronounced  -die,  and  its  use  is 
limited  to  compounds  which  are  not  alcohols  (as  i'ndole). 

TERMINATIONS    IN    -yl. 

No  final  e  is  used ;  the  syllable  is  pronounced  Jl  (as  d'cetyl, 
a'myl,  cO'rotyl,  ce  tyl,  e'thyl). 

TERMINATIONS   IN    -ydc. 

The  y  is  long  (as  a'ldehyde). 

TERMINATIONS   IN    -metCF. 

The  accent  follows  the  general  rule  (as  hydro'meter,  bard'meter, 
lacto'-meter).  Exceptions:  Words  of  this  class  used  in  the 
metric  system  are  regarded  as  compound  words,  and  each  portion 
retains  its  own  accent  (as  ce'ntime"ter,  mi'llime"ter,  ki'lomc"ter. 

MISCELLANEOUS    WORDS 

which  do  not  fall  under  the  preceding  rules. 

Note  the  si>elling :  Albumen,  albuminous,  albuminiferous, 
asbestos,  gramme,  radical. 

Note  the  pronunciation:  A'lkaUne.  a'lloy  (n.  and  v.),  a'Uo- 
tropy,  a'llotropism,  I'somerism,  po'lymcrism,  appari'tus  (sing, 
and  plu.),  a'tina  regia,  bary'ta,  centigrade,  co'ncentrated,  crys- 
tallin  or  crystalline,  electro'lysis,  liter,  mo'lecule,  mole'cular, 
no'mencla"ture,  ole'fiant,  va'lence,  u'niva"lent,  bi'va"lent,  tri'- 
va"lent,  qua'driva"lent,  li'trate. 
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A   LIST   OF  WORDS  WHOSE  USE    SHOULD    BE    AVOIDED    IN    FAVOR 

of  the  accompanying  synonyms. 

For—  Use — 

sodic,  calciCj  zincic,  nidceliCi  etc.,.   .sodium,    calcium,    zinc,    nickel,    etc. 

cbloridi  etc cbl(»id,  etc.  {yid.   terminfltion  in  -ic» 

supra. 

arsenetted  hydrogen,   ■> arsin. 

antimonetted  hydrogen,     ......  stibin. 

phosphoretted  hydn^en, phosphin. 

suUuretted  hydr^en, hydrogen  sulfid,  etc. 

beryllium, glucinum. 

niobium, columbium. 

glycerin, glycerol. 

hydroquinone  (and  hydrochinon),  .   .  quinol. 

pyrocatechin, catechol. 

resorcin,  etc.,  . resorcinol,  etc. 

mannite, mannitol. 

dulcite,  etc., .   .   .  duldtol,  etc. 

benzol, '.  benzene. 

toluol,  etc.,     . toluene,  etc 

tbein, caffein. 

furfurol, , furfuraldehyde. 

fucusol, fucusaldehyde. 

anisol, methyl  phenate. 

phenetol, ethyl  phenate. 

anetbol, methyl  allyl-phenol. 

alkylogcns,      . alkyl- haloids. 

titer  (n.), strength  or  standard. 

titer  (v.). titrate. 

monovalent, univalent. 

divalent, ,  bivalent,  etc. 

quanti  valence, •    .    .  valence. 

Fate,  (&t,  nir,  m^e,  mgt,  pine,  pin,  marine,  note,  n5t,  move,  tube,  tab,  rUle. 

mj^  =  I. 

'Primary  accent;  ''secondary  accent.  N.  B. — The  accent  follows  the 
vowel  of  the  syllable  upon  which  the  stress  falls,  but  does  not  indicate  the 
division  of  the  word  into  syllables. 
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TABLE  OP  WEIGHTS  AND  MEASURES. 

ENGLISH  WEIGHTS. 

TROY  WEIGHT. 

Pound,                Ommctt.              PemMjnaeifkti.               Grmitu.  Grmmmut, 

1 >a «4o 57*>  ^            373-S4>9 

X ao 480  ■■             aa.Mss 

« »4  —                1.5S5» 

APOTHECARIES*  WEIGHT. 
lb  S  S  &  gr. 

Pound.          OuHCOt.       Drackwu.         Scrti4Ut.             Grains,  Grmumw^ 

» »a 96 a88 5760  —           373-«4>9 

I 8 S4 480  ■■              3X-*03S 

« 3 «o  —               3  M79 


Pound, 


Ouncu, 
.  .16. 
1 . 


AVOIRDUPOIS  WEIGHT. 
Dnukmt.  Gruims, 

.  asfi ,  .  7000 

....   437-5 
■7-343 


16 


Grmntmua 

453-59^ 

»8.3495 

1.7718 


Millimeter  » 
Centimeter  a 
Decimeter  « 
Meter  =1 

Decameter  s* 
Hectometer  a 
Kilometer  = 
Myriameter  — 


METRIC  MEASURES. 

MEASURES  OF  LENGTH. 
0.001  of  a  meter. 
o.oto  of  a  meter. 
0.100  of  a  meter 
x.ooD  M«tcr 
10.000  meters. 
100  000  meters. 
1000.000  metres 
10,000.000  meters 


about  4  inches. 
39.37  inches. 


about  H  of  a  mile, 
about  6J^  miles. 


Centaire 
Are 

Hectare 


MEASURES  OF  SURFACE. 

Square  meter  ^    about  1}  square  yards. 


100  Square  meters 
i«,ooo  Square  meters 


KT    about  3)^  acres. 


MEASURES  OF  VOLUME. 
0.001  of  a  liter. 
1000.  cubic  centimeters. 
1000  cubic  decimeters. 
1000.  litcra,  or  1  kiloliter. 
I  stere. 


Cubic  centimeter 
Liter  (cu  »ic  decimeter) 
Cubic  meter 
Cubic  meter 
Cubic  meter 


MEASURES  OF  WEIGHT. 


M  illigrammc 

Centigramme 

Decigramme 

Gramme  * 

Decigramme 

Hcciugramme 


o.ooi  of  a  gramme 
0010  of  a  gramme. 
0.100  of  a  gramme. 
1  000  Gramme 

10.000  grammes. 
100  000  grammes. 


I     Kilo(grammc)  ~     1000.00J  grammes 


about  ^  of  a  grain, 
about  1$%  srains. 
about  3 1  pounds. 


I    Tonneaii 


Kilos 


=     about  1  ton. 


*  Sometimes  spelled  g-mm  in  English  and  American  books. 
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TABLES    FOR    THE    CONVERSION    OF    WEIGHTS   AND 
MEASURES. 

Based  upon  the  value  3937  in.  for  the  meter  and 
1543a  3  grains  for  the  kilogramme. 

*l'he  following  tables  embrace  the  chief  raea-.ures  of  length, 
weight,  and  capacity,  giving  the  required  equivalents  of  the  nine 
units.  Higher  imnibers  are  found  by  moving  the  decimal  point 
to  the  right,  and  fractions  by  moving  it  to  the  left.  Thus,  if  it  be 
desired  to  find  the  equivalent  of  125  grains  in  milligrammes,  we 
proceed  as  follows :  By  the  table 


^    64.  So  mgnns,,  and  100  grs,  then  -^  6480.  mgrms. 

"     =  1296. 


I  gr. 

agnk  =  129.6 

5  gre.  =  324, 


20 
5  '* 

135  gra 


i^A- 


8100.  milligrammes. 


As  1000  mgrms.  =  i  grm.,  the  al)ove  woiiUi  V»e  8. 100  grms. 
If  it  be  desired  to  find  the  value  of  1.45  grms.  in  grains  we  pro- 
ceed as  follows: — 


I  unii. 

:= 

=  15.43    grains. 

4KrTns. 

^=  61.72  grains  .4 

gnu. 

=    6.172 

(« 

5  g"ns. 

-77.15     **       .05 

H 

=      .7715 

■« 

. 

22.3735  enuns. 

Mill  t- 
GitAi.'Ci.    MuRMs.          Inchss,    MrruKs. 

Fu 

Oz. 

c.c. 

MlXtM^ 

1=     64.8 

I  =    254 

I  =s 

29.7 

I  = 

16.2 

a  =  129.6 

2=    50.S 

2  = 

60.0 

3  =^ 

32.4 

3  =  "94  4 

3-    76.2 

3  = 

90. 

3  = 

48.6 

4  —  259.2 

4=  101,6 

4  = 

lao. 

4  ■= 

64.8 

s  =  334.0 

5=  127.0 

5  = 

150. 

5  =^ 

81.0 

6  =  J88.8 

6^  153-4 

6  = 

180. 

6  — 

97.2 

7  -  453.6 

7-177.8 

1  = 

210. 

1  = 

1134 

8  — 5««.4 

8=  193-3 

8  = 

240. 

8  = 

129.6 

9  =  5a3.a 

9  ^  328.6 

9  = 

270. 

9  = 

145-8 

TltOT.  UZ.   GHMk. 

Fkmt.       MrtBMS. 

PlIfTB. 

Lttkhs. 

c.c  Ku 

Dkaciih 

1=  3».« 

>=      O.JO48 

a  =     0.6096 

I   :^ 

0.473 

I  £3 

a  27 

9=   b3.a 

a  s 

0.946 

2  tm 

0.54 

3  -    93.3 

3  ^-.      o.9i,j4 

3  ~^ 

<.4»9 

3  = 

a8i 

4'»<24.4 

4  VI      1.2192 

4  =^ 

1.892 

4  = 

1.08 

5  -  1555 

5«*      1.5240 

5  =^ 

a.  365 

5  = 

>.35 

0  =  186.0 

6  s       i.8j88 

6  = 

3.838 

6  = 

1.62 

71217.7 

7=      ».<3i6 

7  ^ 

a.3<i 

1= 

1.89 

8  =  248.8 

8  =      2.4384 

8-= 

3.784 

2.16 

9  =  3799 

9=      2.7432 

9  = 

4.257 

y  — 

2.43 
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r.Oz. 

Mimm. 

cc 

Gun     GiuuioL 

Urns.    FuOk. 

1=    28.35 

I  = 

.0616 

IZ'^U 

«  =    33-8 

2^    56.70 

2  = 

."33* 

2=    67.6 

3=   85.05 

3  — 

.2464 

3=    46.29 

3  =  101,4 

4  =  113.40 

4  = 

4=   61.72 

4  =  I35.a 
5^169.0 

5  =  H1.75 

5  = 

.3080 

5-  77.tJ 

6—  92.58 

6  =  170,10 

6  = 

.3696 

6  =  2018 

7  —  198.45 

7  = 

■43" 

7  =  108.01 

7  =  236,6 

8  =  270,4 

8  =  226.80 

8  = 

.4928 

8  =  123.44 

9  ^  255-15 

9  = 

.5544 

9  =- 138.87 

9  =  304.2 

Av.          Kilo* 

Fl 

Ctr. 

UNoa.       Gkms. 

>KACHHS. 

cc. 

KiLOi.  Av.  Oc. 

Utsss.     iMCKn^ 

I  =      0^536 

I  = 

3.7 

1  ^       2.3 

1=    61. 

2  =      0.9072 

2  =r 

7.4 

2  5"       4.4 

2«  122, 

3=      1.3608 

3  ^ 

ll.l 

3-     tt 

3  =  183. 

4  *=      I.8I44 

4  =■ 

14.8 

4=      8.8 

4  =  244. 

5—      2.2680 

5  = 

18.S 

5  =     Il.O 

5  —  30S. 

6  s      2.7216 

6  = 

22.3 

6=    13.2 

6  =  366. 

7  =      3.'752 

7  = 

25.9 

29.0 

7=    X5.4 

7  =  427- 

8  =      3.6228 

8  = 

8=    17.6 

8  =  4H8. 

9  =>     4.0824 

9  = 

33-3 

9=    19.8 

9  =  549- 
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ALPHABETICAL  TABLE  OF  EQUIVALENT 
MEASURES. 

I  Arc =  lOO  sq.  meters  =^  1 19.6  sq.  ynrds. 

I  Barrel  (wine) ^=  1.192  bcctolilen. 

I    Barrel  (imperial) ^  I.635  hectulitcrs. 

1   Bushel  (dry) =  35-243  liteis. 

I  Centimeter. =  xJo  °*"  — '3937  ^'^'^ 

I  Cubic  centimeter ^  l6.3miniius:^o6io2  cu.  in. 

I  Cubic  centimeter  of  dUl.  water  at  4**  C  .    .    .        weiglu  l  t;nun. 

1  Cubic  decimeter  (1  liter)  (looocc.^  of  dist.  water .  .  .  weighs  1  kitogram. 
1  Cubic  decimeter  (imperial  mcamre)  .  ,  .  .  r- 61.03  cu.  in.  =  0.8S04  qt, 
1  Cubic  decimeter  (American  wine  measure)  =^  33.8  fluid  ounces  or  1.056  qbs, 

I  Cubic  foot   .    .  =r  162S  cu.  in,  =  28,315.31  cc. 

I  Cubic  foot  of  water  at  62*' F,  (|6.6**C.) weighs  62.33  lbs.  av, 

t  Cubic  inch =s  266  minims  =-16.386  c.c. 

I  Cubic  inch  of  water  at  63'*F.  (16.6  **  C]  weighs  253.46  gn,.  a  16.37a  grams. 

I  Cubic  meter  (I  stcre) —  looo  liters  =^  35.30  cu,  iu 

I    Drachm  (Troy) .  =  3.888  grams  =  60  grains. 

I   Fluid  drachm ^60  minims  =3.697  c.c. 

1  Fluid  ounce  (imperial) ,    .    .  ^  28.4  c.c.  —    t.7329cu.in. 

I  Fluid  ounce  (wine  measure) =  29.57  ^-^^  =  1-^47  ^^-  ^^ 

t  Fluid  ounce  of  wnter  (wine  measure)  at  62°  F.  .  .  ,  .  weiglis  456  grains. 
I   Fluid  ounce  of  water  (wine  measure)  at  60**  F.  .    .    .    .  wcifths  29.57  grams. 

I  Fluid  ounce  of  water  (imperial)  at  62°  F. wei|^hs  437.5  grains. 

I  Foot  ( 1 2  inches) , ^  34.4S  centimeters. 

I   Ciallon  (im[)eri.il) =  377.27  cu.  in.  =  4.543  litris. 

I  Gallon  (wine) —  231  cu.  in.  =  3.785  Ihers. 

t  Gallon  of  water  (imperial) weighs  lO  lbs.    Wine  gallon,  8.34  lbs. 

t  Grain  Troy =oo64SBram.  ^ 

I 
1 
1 
I 
1 
I 
I 


Gram,  (weight  of  I  cc.  of  water  at  4*  C,  39-2®  F.)    .    .  =^  *5-4233  grains. 

Inch =  2.54  ccnlimeters. 

Kilogram ^  1000  grams.  t=  2.7  lbs.  Troy  =  2.2046  lbs.  aT, 

IJler  (see  cubic  decimeter) -  =61.027  cu.  in. 

Meter  (one  forty  •millionth  of  earth's  meridian) s=  39.3708  in. 

Minim ^0.0616  c.c.     I  minim  of  water  weight  0.95  grain* 

Ounce  (Troy) ,  =  480  grains  =  311  grams. 

I  Ounce  (avmrdupois) ^  437.5  gtaiiu  ^  2S.35  grams. 

I   Tint  (imperial) =  20  fluid  ounces  =567.93  c.c. 

1  Tim  (wine  measure) =  16  fluid  ounces  m  473.15  cc. 

I    i'ounj  (Truy) =3  5760  grains  :=  373.24  gianw. 

I    round  (aviiinluiMis) =:7000  grains  —  453  59  grams. 

I  Quiirt  (im|>erinl),  40  fluid  ots =^  69.97  cu.  in.  =  1.135^  liters. 

I  yuArt  (wine  measure),  32  fluid  ozs,  .    .    .    =  58.30  cu.  in.  =  0.9463  liter. 

I  Ton  (avoirxlupois)    .  =  2000  lbs.  =  29,167  oa.  Troy  ^  907.20  kilogram*. 

I  Tonncau •  =  1 ,000,000  grams  ^  1000  kilos  =  3204.6  lbs.  av, 
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TABLE  OF  SPECIFIC  GRAVITIES  NAMED  IN  THE  U. 
PHARMACOPCEIA,  189a 


S. 


Compiled  by  Dr.  J.  F.  G&tding. 


AT  I5*>C. 

Acidum  Mcticum about  1 .048 

**  "         diltitiim, ,  .   .  about  1.00& 

**  "         glaciale, 

not  higher  th&n  1.058 
**       hydrobromicum  ditutum, 

about  1 .077 
**  hydrochlcricum. ....  about  1.163 
**  "  dilutun,  about  1.050 

"       bypophosphorosum  dilutum, 

about  1.046 

**       lacticum about  1.313 

**       Ditricunif about  1.4 1 4 

"  "         dilutum, .  .  .  about  t  ,057 

"        oleicum, about  o  900 

"        phosphoricum,    .   .  not  below  1.710 
"  '*  dilutum,  about  1.057 

**        ftulphuricum,   .   .   .  not  below  1.835 
"  "        aromaticiim,  about  0.939 

**  "        dilutum,    .  .  about  1.070 

**       sulphuroium, .  .  not  lets  than  1.035 

Adeps, about  0.933 

iliiher,  Ether,* 0.735100.738 

"  ■•        accticus,  .  .  .   .0.803100.895 

Alcohol,t about  a. 830 

"        ab&olutuni,t  .  not  higher  than  0.797 

"        deodoraium.g about  0816 

'*        dilutum,} about  0.937 

Amyl  Nitns, 0,870100.880 

Aqua  ammonia* o  960 

•*  '■         forlior 0901 

''      hydrogenhdioxidi,  ;il>oul  i.oo6ioi.qi3 
Balsamum  pcruvianum,    .  .   .  1.13s  to  1.150 

Uenzinuin 0.670100.675 

Bromum 3.990 

Cnmphora, o-99S 

Carbonci  di&iilphidum,  ....  1.3^  to  1.369 

Cera  albii, 0965100,975 

"    flava, 0.955100.967 

Cetaccum .  about  0.945 

Chloroform,!^ not  l)elow  1.490 

Copaioa 0.040100.990 

Creasotum, not  below  1 .070 

Kucnlyptul 0.930 

Fel  Imvl* 1.018101,0^8 

Glycerinum, not  less  th.iii  1.350 

Hydrargyrum, l3-55'i4 

lutlofurmmn 3.U00 

loilimi ♦* 

l.imi>iiis  siK  cu'^,      ....  init  less  than  1.030 

Liqiiur  feni  ;(ccl.itis aln.ut  i.ifo 

"         ••     (liliiridi, alKdit  1.3S7 

"         "     citralis, altout  1.350 

"         '*     iiitialiN, ;ib(iut  1.050 


•  0.714  to  0.717  .It  ^5"  C. 
fo.Kia  at  35'  C. 

J  0.780  at  -.>-,"  C. 
o.to'^  at  2s^  C 


AT15OC 
.  about  1.550 
.  about  1.330 
.  about  a.  100 


I  About  0.937  at  15°  (J.  ;  al>out  0936  at  15.6° 
C.,  and  about  0.930  at  35"  C 


Liquor  ferri  lubiulphatit. 

'*  '*    tenulpfiaiu,  . 

**  bvdrargyri  niiratit, 

'*  pfumbi  Aubacetaiia,   .  ,  .  about  1.195 

"     potab^ae;, about  1.036 

"     iod«, about  1.059 

**        "      chloratiB, about  t.o5s 

**     Mdii  KilicatU, 1.300101.400' 

"     ttiid  chl(H-idi, about  1-535 

Mel. 1.375 

Methyl  salicylai*    .....  .1.183101.185 

Oleum  adipii o^to  to  0.930 

"     .Ainereum 0.910 

"  amygdalx  amane,    .  .1.060101.070 

"  "         eapreiMim,  .0.915  to  09*0 

"      «nisi, ff 

"  aurantil  corticb,  ....    about  0.S50 

**  "       flonun,  ....  0.875  to  aBoo 

**     bcTgamuliM, 0.8801001885 

"     cadinum, about  0990 

"     cajuputi 0932100.979 

**      cari 0.910  to  0.930 

"      caryophylli, 1.060  to  1.067 

"      chenopodii, about  0.970 

"      cinnamomi 1-055  to  1.065 

"      copaibx, 0.890  to  0.910 

"  conandn, .......  0.&70  to  0.S85 

'*      cubebw, about  o  930 

"      erigerontis about  0.850 

"      eucalypti, 0.915100.925 

'*      focniciili, not  less  th:tn  0.960 

"      gaultherix, 1.175101.185 

"  KosKypii  scminis,    .   .    .  9.930  to  0.930 

"      hcdeomae, .0.930100040 

**     juniperi, 0.850  to  0.890 

**  lavandulac  flonim,  .   .    .  o.88<i  to  0.897 

"      limonis, 0.85S  to  0.859 

"      lini 0.930  to  0.940 

"  meiilbse  piperitx,   .   .   .  o  900  to  0.930 

"  '         vtridis,  ....  0.930  to  o  940 

"      morrhnac 0.930100925 

"      myrciae, 0975100.990 

'*      myristicse 0.870100.900 

"      oliva; 0,915100.918 

"      picis  liquidx, about  0.970 

'*      pinieiH*, *-045  to  1  055 

"      ricini 0.950  to  0.970 

'•      nisa; \\ 

"      rosinarini, 0.895(00.915 

"  saliina:,     .......  0.910  to  u.940 

'*      .saiit.ili 0.970100978 

*'      sas>arras 1.070  to  1.090 

"       tcsanii 0'9i9  lo  o  933 

H  1.473  at  35°  t:. 

•♦4>>48ati7^C. 

tf  Alifiit  0.9R0  lo  o9yc)  at  i7°C. 

\\  0.865  >"  0880  at  30°  C. 
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TABLE  OF  SPECIFIC  GRAVITIES.    {Gmtimm4dJ) 


ATIS^C. 
Oleum  kinaph  volatile,  ....  i.aiS  to  1.099 

**     tcrebiothiiue 0.833  10  0.^70 

"  ••  rcctificatutn. 

o  Bs$  (o  cx-M^ 
^      theobrorOAtH,  .....  0.970  to  cylSo 

"     thymi 0.900100.9)0 

"      tiglU, 0.040  to  0.9^ 

Pctrpl^tum  ihiuldum,    .  >boui  0.875  "^  ^945 

*•         molle, • 

H         spiHum, f 

Pho^phorta, [ 

Kcitna 1^070  to  i.oSo 

bpiniiu  aethem  niinwl,     ....  about  0.S2 

**       ammoDUB about  0^8 10 

*'  **         aromatJcui,  .  about  0.905 


ATI5°C 

Spiiiluk  rrunentl,    .  .   .  not  more  than  0.930 

nor  less  than  0.917 

"        glonoini.    ...  .  o.Bifi  to  o.sja 

"        vim  giilUd,  .   .  not  mitre  than  0.94E 

Bor  leu  than  0.93} 

Syrupos about  1.317 

**       actdi  hydriodici,  ,   .   .   .about  1.313 

"        ferri  iodidi,    .....      about  1.353 

TerebeDum, about  o.86« 

ThymijI,.    .  j  f^uefi^-Rebler  than  water 

7*lf>ctura  rerr!  chloriili, about  0.960 

Vinum  album,  ..***.,..  3 

"       rubruoi I 

Zincum, 6.9  (cast)  to  7.9  (rellad) 


Table  sHowiNt;  tkb  Solubility  op  some  Chcwcals  in  Glyck&in.  One 
HuNDRKi)  Parts  ok  Glyceiun  Dissolve  the  Annexed  Quantities  or 
THE  Salts.— (Klevee.) 


Arscnious  Oxide, 20.00 

Arsenic  Oxide, 20,00 

Acid,  Benzoic, laoo 

"     Ox&lic, 15.00 

**     Tannic,  .......  50.00 

Alum, 40.00 

AmmoQium  Carbonate,  .    .    .  ao.oo 

••         Chloridr,     .    .    .  20.00 
Antimony  and  PoUssium  Tar- 

trale 5.50 

Airo[»ne,     ........  3.00 

*•       Sulphate,   .....  33.00 

Baritim  Chloride 10.00 

Brucine 2.25 

Cmchonine o,  50 

**        Sulphate,     ...  6.70 

Cap|)cr  Acetate, 10.00 

••       Sniphate 30.00 

Iron  and  Potassium  Tartrate,  8.00 

"      IjtcUte, t6.oo 

"      Sulphate, 25.00 

Mercuric  Chloride      ....  7.50 

Mcrctuotu  Chloride,  ....  27.00 

Ifuline 1.90 

MorphiDC, 0.45 


PA«-ra. 

Morphine  Acetate 20.00 

"        Hydrochlorate,  .    .  2a 00 

I'hosphorus, 0,20 

Ptutnbic  Acetate 20.00 

Potassium  Arsenate 50.00 

"         Chlorate,     ....  3.50 

**        Bromide 25.00 

"        Cyanide 32.00 

**         Iodide 40.00 

Quinine, 0.50 

"      Tannate, a  25 

Sodium  Arsenate,    .....  50JOO 

"      Bicarbonate,  ....  8.00 

"      Borate 60.00 

"      Cathonate,     ....  98.00 

*•      Cblonae, ao.oo 

Sulphur, 0.10 

Strychnine, 0,25 

"           Nitrate,    ....  4.00 

"           Sulphaie,     ...  22.30 

Urea, 50.00 

Veratrinc i.oo 

Zinc  Chloride,     ......  50.00 

"     Iodide, .  40.00 

'*     Suif^iMe.    ......  35.00 


•  About  o.8»o  lo  0.8411  Dt  ffcfi  C, 
t  About  0.&M  to  0.830  at  Ao^  C. 
}  1.130  nl  l«o  C 


I  Not  IfM  than  0.990,  wot  more  than   1 .010  at 

15.6°  c. 
I  Not  tc«  thaiio.9B9  nor  moc*  than  1.010  at 

i5.«°C. 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED 
IN  MEDICINE,  IN  WATER  AND  ALCOHOU 

ExpIaDation  of  Signs. 

J.  =  soluble;   ins.  =  insolable;    sp.  :=  sparingly  solnble;    v.  s,  =  vexy 
soluble;  a/m.  =  almost;  t/ec,  =  decomposed. 


Namb  of  Chemical. 


is  soluble  in : — 


One 
Acetanilid, 

Acid  Arsenous, 

"    Benzoic 

**    Boracic, 

"    Carbolic, 

"    Chromic, 

"    Citric, 

"    Gallic 

"     Salicylic, 

"    Tannic, 

"    Tartaric, , 

Agat)iin, »    .    .    , 

Alphol, , 

Alum, 

*'      Dry  (Exsiccatum),  .    ,    , 

Aluminium  Hydroxide,  .    .    .    , 

"  Sulphate, .   .    .    .    , 

Alumnol, , 

Ammonium  Benzoate,    .    .    .    , 
"  Bromide,.  .    .    .    , 

'*  Carbonate,  .    ,    .    , 

"  Chloride,.   ... 

Iodide , 

'•  Nitrate , 

"  Phosphate. .    .    .    , 

"  Sulphate,     .    .    .    , 

"  Valerianate,    ,    ,    , 

Amy! en e  Hydrate , 

Analgene, , 

Anthrarobin, 

Antimony  and  Potass.  Tartrate, 

'*         Oxide, 

Sulphide.   .    .    .    .    . 

Antipyrin, 

"  Benzoate 


WATra. 


or  150  C. 


or  15°  C 
grs.  pr.  Oti 


Parts. 
300 
30-80 

500 
25 

20 

V.  s. 


0.75 

100 

450 

6 

0.7 

ins. 

ins. 
10.5 
20 

ins. 

1.2 

S. 

5 

1-5 
4 
3 
I 

0.5 

4 

1.3 

V,  s. 


ins. 
ins. 
ins. 

17 

aim.  ins. 

ins. 

I 


a.28 
15.2-57 

18.2 
22.8 


608 

4.5 
1. 01 

76 

651 


43.4 
22.8 

380" 

91.2 

304 
114 
"52 

456 
912 
114 
350.7 


26.8 
456 


Alcohol. 


15°  C. 


At59°F., 
or  150  C, 
gTS.pr.ftj. 


Parts. 
10 
sp. 
3 

15 

V.  s, 

dec. 

I 

4.5 
2.5 

0.6 
2.5 

s. 
s. 

ins. 

ins. 

ins. 

aim.  ins, 

sp. 

28 

150 

dec. 

'■37 

9 

20 

o.s 

sp. 

v.s. 


5 
sp. 

5 

ins. 
ins. 
ins. 

I 
sol. 


37.4 

124.6 

24-9 


374 
83.1 

X49.6 

623 

M9-6 


»3.3 
2.4 

273 
41.S 

"I' 
748 


75 

9i.a 

374* 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED 
IN  MEDICINE,  IN  WATER  AND  ALCOHOL.     {Coniittued.) 


Nahb  of  Cbhmicau 


Antispasmin 

Apomoiphine  HydrodblonUe, 

Apyontn , 

Aristol, 

Arsenic  Iodide, 

Asaprol, 

Atropine 

"         Sulphate,     .... 

Benzanilid, 

Benzonapbthol, 

Benzopbenoneid, 

Benzosol, 

Pctol, 

Bismuth  Citrate, 

"       and  Ammon.  Citrate, 
'*       Subcarbonate,  .    .    . 
**       Subnitrate,    .... 

Bromacelanilid, 

Bromamid 

Bromine, 

Bromofonn 


Bromol, 

Caffeine, 

Caffeine-chloral, 

CafTeine-Iri  iodide, 

Calcium  Bromide, 

"       Carbonate, 

*'      Chloride, 

"       Hypc^hoBphite 

"       Phosphate  (precipitated). 

Camphor,  Monobromated 

Ceiiuni  Oxalate, 

Chinolin, 

"       Salicylate, 

"       Tartrate, 

Chloral 

Chloralamid, 

C'hlornlammonium, 

Chloralose, 


Water. 


orisOC. 


or  15°  C 
grt.pr.fSj 


S. 
6.8 
S.  5. 


ms. 
3-5 

6oo 
0.4 

ins. 

ins. 
loo 

ins. 

ins, 

ins. 

v.  s. 

ins. 

ins. 

ins. 

ins. 

33 
300 

prac.  ins, 

75 
s. 

ins. 

0.7 

ins. 

'.5 
6.8 

ins. 
aim.  ins. 
ins. 
ins. 
So 
80 

V.  s. 
10 


170 


Alcohol. 


67 


130- 2 
304 
0.7 
1 140 


4.6 


13.8 
6.08 


651.4 

304 
67 


5.7 
5.7 

45-6 


3.68 


or  150  C 


or  15O  C. 
grs.pr.n^. 


ms. 

50 

sol. 

S.S. 

10 

3 
▼.  s. 

60 
sol. 

»!.' 
difiicsol 

ins. 

«p. 

ins. 

ins. 
diflfic.sol, 

s.  s. 

dec. 
freely 

sol. 
freely 

sol. 

35 


s. 

1 

ins. 
8 
ins. 
ins. 
v.  s. 
ins. 

5 
sol. 

"50 

V.  s. 

a-3 


s. 


7.4 


37.4 
152 

6.2 


to.6 


374 
46.7 


74.8 
*    "3.8 

1*87    ■ 
(124.6) 
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MEDICAL   CHSmSTRY. 


SOLUBILITY   OF  THE   MOST  IMPORTANT  CHEMICALS    USED 

IN  MEDICINE,  IN  WATER  AND  ALCOHOU     {Qmiinmed.) 


Watek. 

Alcohol. 

Naub  of  Chbmicau 

or  jjo  C. 

At  59**  F., 

ori>°C. 

gr».  pr.  ftj. 

or  15O  C. 

At  59**  F.. 
gis.  pr.  ftj. 

Chloral  Urethao, , 
Cincbonidine  Sulph 
Qnchouine, .    .    . 

Sulphal 
Codeine,  .... 
Chalk  (Creta).     . 
Copper  Acetate,  . 
"       Sulphate, 
Creolin,     .... 
Creosote,  .... 

*'        carbonate, 
Crcsalols,      .    .    . 
Cresol,  Ortho,  .    , 

"       Meta,    .    . 

•'       Para.    .    . 
Cresol  Iodide,  .    . 
Cresotic  Acids,    , 
Dermatol.     .    .    . 
Diaphterin,  .    .    . 

Diaphtol 

Di  iodoform,    ,    . 
Di-iodo  /?  Naphthol 

Dithiosalicylic  Acic 
II               (I 

Diuretin,  .... 
Dulcin,     .... 
Elaterium,    .    .    . 
Ethroxycafifeine,  . 
Ethyl  Bromide,    . 
Ethylene  Bromide, 
EuphOrin,     .    .    . 
Europhcn,     .    .    . 
Exalgin,  .... 
Ferric  Chloride,  , 

•'     Citrate..    . 

"     and  Ammon 

II             41                 it 
II             II                  It 

"       »*    Potass.  ' 
"       "   Quinine 
*'       "    Strychni 

ati,; ; 
te.' ; ; 

'i: : : 
11.. . 

Citrate, 
Sulphate 
Tartrate 
Fartrate, 
Citrate, 
ne  Citrate 

int. 

lOO 

aim.  ins. 

ins. 

1.6 

ins. 
ins. 
ins. 
37 

200 
50 

ins. 
s.  s. 
ins. 

s. 

sp. 
ins. 
ins. 
ins. 
ins. 
V.  s. 
800 
ins. 

sp. 
ins. 
ins. 
ins. 
ins. 
s.  s. 

;       V.  S. 

s. 

V.  s. 

3 

V.    s. 

V.   s. 

i     v.%. 

i 

3< 

I 

152 

*.5 

5-7 
5-3 

2.  a 

?•» 

55 

8 

s. 

7« 

tio 
6 
V.  a. 
ins. 

135 
ins. 

s. 

T.  S. 

s. 

s. 
s. 
s. 
s. 
s. 

S. 

ins. 

:: 

sp. 
s.  s. 
ins. 
V.  s, 

25' 
125 

9. 
s. 
s. 
s. 
s. 
s. 

T.   S. 

HIS. 

ins. 
ins. 
ins. 
ins. 
ins. 
ms. 

5.= 

18.  J 
2.5 

1- 
\ 

4 

> 
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SOLUBILITY  OF  THE  MOST  IMPORTANT  CHEMICALS  USED 
IN  MEDICINE.  IN  WATER  AND  ALCOHOL.     (ConHnutd.) 


Naur  of  Chemical. 


Lanolin,  .... 

Lime  (CaU),   .    . 

Lithium  Benzoatef 
"       Itromide 
"        Carlwnate, 

Citrate 
"        Salicylate, 


Alcohol. 


Ferric  Hypophosphite,  ,   .    . 

"     Lactate 

"    Oxalate. 

*•     Hydrate, 

**     Phosphate 

* '     Pyrophosphate.    .    .    . 

"     Sulphate 

*'     Valerianate, 

Fluorescein, 

Fonnanilid, ........ 

Formicaldchydc 

Gallacetophenone, 

Gallanol, 

Gallobromol. 

Guaiacol, 

'*  carbonate,  .... 
"  crystalline,  .... 
"       salicylate,    .... 

Hydracetin, 

Hydronaphtbol, 

Hydroquinone, 

Hydro  xylamine  Hydrochlorate, 
Hyoscyamine  Sulphate,  .    .    . 

Hypnal, 

Hypnone,     . 

Ichthyol, 

lodoanlipyrin, 

Iodine, 

Iodoform, 

lodol, 

lodophcnin, 

Kairin, 

Lactophenin,       


6tf6 


MBDICAL   CKEHISTRY. 


SOLUBILITY  OF  THE  MOST   IMPORTANT  CHEMICALS    USED 

IN  MEDICINE,  IN  WATER  AND  ALCOHOU     {Conimued,) 


Namb  up  Chbmical. 


Water. 


or  15°  C 


or  is"  ^• 
gn.  pr.  fij. 


Loretin 

Losophan, 

Lycetoly 

Lysol 

Magnesium  Oxide, , 

"  Carbonate ! 

<•  Sulphate .-  ,    .  j 

"  Sulphite, I 

Malakin, I 

Manganesium  Dioxide  (Black  Oxide),  ,  ' 

**  Sulphate I 

Mercuiic  Chloride, 

Mercurous  (,'hloridc, 

Mercuric  Cyanide, i 

Iodide  (Red), ' 

Mercurous  Iodide  (Green), I 

Mercuric  Oxide, I 

"       Subsulphate I 

Sulphide  (Red), ! 

Mercury  Soxoiotlol, , 

Metaldehyde, | 

Methacetin, 

Mcthylal I 

Methyl  Chloride 

Methylene  (Blue) 

"  Chloride, 

Microcidin. 

Monohromphenol, 

Monochlorphenol, 

Morphine, 

"         Acetate, | 

•'         Ilydrochlorate, 

"         Sulphate, I 

Naphthalene, I 

Naphtol 

Neurodin, 

Oleocrco*.oie,        i 

Orexin  Hydroclilorate, 

a-Oxynaphtoic  Acid, i 

raraformic  Aldehyde, ' 

Paraldehyde, I 


500 
sp. 
s. 

T.  S. 


aim.  ins. 
aim.  ins. 
0.8 
20 

aim.  ins. 
ins. 

0.7 

16 

ins. 

12.8 
aim.  ins. 
aim.  ins. 

ins. 

ins. 

ins. 
500 

ins. 
530 

3 

4  vol. 

s.  s. 

s.  s. 

3 

sp. 
sp. 
V.  sp. 

12 

24 

24 
1000 
1000 

s.  s. 


0.9 


22.8 


651.4 
28.5 

35.6 


0.9 

'  0.8 

52 


152 


38 
19 
»9 
0.4 

0.4 


Alcohol. 


At  59°  F.  J  At  59»  F., 

or  150  c.   I  oris*»C. 

|gT».  pr.  ftj. 


V.  «. 
ins. 
ins. 
ins. 
ins. 
difficsol. 
ins. 
ins. 

3 

ms. 

'5 
130 
ins. 
ins. 
ins. 
ins. 

s. 

s. 
s. 
35  vol. 
s. 
s. 


s. 

100 

68 

63 
702 


124 

24 

2 


3.7 
5.5 
5.9 
0.5 


ins. 
V.  s. 
ins. 
s. 
10 


45-6 


.  s. 
10 
s. 
s. 


37.4 
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SOLUBILITY   OF   THE   MOST   IMPORTANT  CHEMICALS  USED 
IN  MEDICINE,  IN  WATER  AND  ALCOHOL.     {Comiimueti.) 


Name  or  Cmmmicai^ 


Pcntai, 

Phenacetin 

rhenocoU  Aceialc, 

'•         Curbonaie 

•*         Hydnxhiurate,      .    , 

«         SnIicyUle 

I'hosphorus, 

Physa&u^iiiine  Salicylate^   .    .    . 

l'icr(j<oxine, 

Fi]ijcnr^>ine  Hydrocbl orate,   .    . 

i*ipem/inc, ■    *    . 

ri|.icHnCf  ■ 

Plumbic  Acetate 

••       Carbonate, 

"        loilidc, 

"       Nitrate,     ...... 

"       Oxide 

Potassium  Hydrate,     ..... 

"         Acetate,      

*•         Uicarbonate 

•*         BichrotDate 

••         Bitartrate 

"         Bromide, 

"         Carlxinate,     .... 

"         Chlorate 

"         Citrate, 

*'         Cyanide, 

*'         and  Sodium  Tartrate, 

'*         Ferrt»cy«nide,    .    ,    . 

••         Hy}K>p!K»phite,     .   . 

•'         Iodide, 

"         Nitralc, 

"         Permanganate,  .    .   . 

'*         SoJioiodol 

"         Sulplmte 

*<         Sulphite 

"         Tartrale, 

Pyoclanin  Blue  ( Methyl- violet), 

Pyridin, 

Pyiocatcchin.  ..,*..  . 
Q^nidinc  Sulphate, 


Wuran. 


ins. 
ills. 

3.5 
ins. 

i6 

s. 

ins. 
130 


nlm.  ins. 

1.8 

ins. 

aooo 

2 

ins. 

0.5 
0.4 

3.2 
10 

310 

1.6 
I 

16.S 
0.6 

3 
2.5 

4 

0.6 
0.8 

4 
20 

50 
9 

4 

0.7 

5o<?) 


s. 

too 


or  I  j*>  C. 
p»  pc.Oj. 


130.3 

'  38.5 


3.5 


253-3 
0.3 

338 

912 
1140 

«42.5 

4S.6 

2.1 

38s 
456 
37.6 
760 

228 
183.4 

1 14 

760 
570 

"4 

23.8 

9.1a 
50.6 
>"» 

651 -4 


Alcohol. 


Ai«^r., 

or  150  C. 


V,  s. 


T.«p. 
12 
10 

V.   ». 


30 

8 

ins. 

V.  »p. 

aim.   ins. 


all 


2 
lOS. 


4-5 


v.sp. 

300 

ins. 
v.sp. 
v.sp. 

sp. 
aim.   ins. 

ins. 

.1' 

aim.   ins. 
dec. 

in*. 

sp. 

alro.   ins. 

1 

a. 
8 


oris'»C 
««.  pr.  fJj. 


3«.i 

37.4 


13.4 

467 


187 
149.6 


1.8 


5" 

20.7 


374 
*46l7 
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HKDICAL   CRBMISTRY. 


SOLUBILITY  OF  THE   MOST  IMPORTANT  CHEMICALS    USED 
IN  MEDICINE,  IN  WATER  AND  ALCOHOL.    {Cotttinutd.) 


Name  opChbmical. 


Quinine, • 

**       Bisulphate»    .   . 

"       Hydrubromate, 

"        Hydrochlorate, 

«       Sulphate,  ,   .    . 

"       Valerianate,  .    , 

Resopyrin, 

Resoicin 

Sugar,  Cane, 

**       Milk 

Saccharin 

Salacetol 

Salicylamid, 

Satipyrin, 

Salocoll, 

Salol 

Salophen, 

Salicin, 

Santonin, 

Silver  Cyanide,    .   .    ,    . 

"      Iodide, 

"  Nitrate,  .  .  .  . 
*'      Nitrate  (fused),    . 

"      Oxide, 

Sodium  Hydroxide,    ,   . 

"       Acetate,  .    .    .    . 

**       Arsenate,    .    .    . 

**       Itenzoate,    .    ,    . 

'*       Bicarbonate,  .    . 

"       Bisulphite.      .    . 

•'        Borate  (Borax), 

"        Bromide,     .    .    . 

*'       Carbonate,     .    . 

"       Chlorate,    .    .    . 

"       Chloride,    .    .    . 

**       Ilypophosphite, 

**       HyiKwuIphite, 

"        Iodide 

**        Nitrate,  .    .    .    , 

' '       I'aracresotate,    . 

"       Thosphale,     .    . 

"       Pyrophosphate,  , 


Watul 


or  15OC 


Alcohol. 


1600 

10 

16 

34 
740 
100 
ins. 

3 

o-S 
7 
400 
ins, 
250 
s.  s. 
300 
ins. 
ins, 
28 
aim.    ins. 
ins. 
ins. 
0.8 
0.6 
V.  sp. 

'.7 

3 
4 
1.8 

13 

4 
16 
1.2 
1.6 
I.I 
2.8 
I 

0.6 
1.3 

V 

12 


gn.  pr.  Oj. 


0.2 

45.6 

28.5 

13.4 

0.6 

4.5 

328 
912 
65.1 
I.I4 

1.82 


2.28 


16.2 


570 
760 


268.2 

>52 

114 
2533 

38 

114 

28.5 
380 
2H5 

4>4.5 
162.8 
456 

304 
760 

3507 

'76" 
38 


6 

32 

3 

5 
5 

s. 

»75 
ins. 

30 
IS 

s. 
s. 
s. 
10 

V.  s. 

30 
40 

ins. 
ins. 
26 

25 

ins. 

V.  s. 

30 
V.  sp. 

.45 
ins. 

72 
ins. 

«3 

ins. 
40 
aim.   ins. 
30 
ins. 

i.S 
sp. 

ins. 

ins. 


or  150  C. 


62.3 

11.6 
124.6 
124.6 

75 

2.1 

124.6 
30.4 


37.4 

12.4 
9.3 


»7.S 
18.24 


12.4 

*  8.3 
5* 

"  28.7 

9.3 

12.4 

207 
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SOLUBILITY  OF  THE  MOST   IMPORTANT  CHEMICALS   USED 
IN  MEDICINE,  IN  WATER  AND  ALCOHOL.     {^Continued.) 


Name  op  Chsmical. 


Sodium  Salicylate,  .    .    . 

**        Santoniiiate,  .    . 

*•       Sozoiodo),       ,   . 

"       Sulphate,    •  .  . 

<*       Sulphite,     .    .    . 

"       Sulphocarbolatr, 

Sozal .   . 

Sozoiodol, 

Strychnine, 

"         Sulphate,   .    . 

Sulphaminol, 

Sulphonal, 

Sulphosalicylic  Acid, 

Sulphur, 

Sytnphorol  L,  .    .    .    . 
•*         N 

"         i^, 

Tctronal 

Thaliin  Sulphate,    .    .    . 

'*         Tartrate,     .    .    . 

Thermodin, 

'lluoform, 

Thiol 

I'hiophen, 

Thioresorcin, 

1  hiosinamin, 

Thiuret, 

Thymacetin, 

Thymol, 

1'rional 

Urelhan, 

Uropherin, 

Veratrine, 

Zinc  Aceiale, 

"    liroiiiidc 

"    Carbonate,  .    ,    ,    , 

*'   Chloride,     .... 

*'    Tfxlide, 

"    Oxide 

*•    Phospliide,  .... 

'*    Sozoiodol,   .... 

"    Sulphate,     .... 

"    Valerianate,    .    .    . 


Water. 


or  150  C. 


1.5 

3 
M 
2.8 

4 
5 

s. 

s. 

6700 
xo 

ins. 
450 

5. 

ins. 
s. 

50 
s. 

450 

7 

10 
ft. 

ins. 
s. 
ins. 


8.   I. 


1200 
320 


ins. 
V,  s. 

V.  s. 


ins. 

ins, 

20 

0.6 

100 


At  59°  F., 

or  15O  C. 

gn.  pr.  tSj- 


304 
"52 
32. 
162. 
114 

9'. 


1. 01 


9-" 


65. 
45. 


>.3 


0.38 
1-4 

456 


'52 


Alcohol. 


At  59°  F., 
or  15°  C 


6 
12 

ins. 
sp. 
'32 
ft.  s. 

s. 
110 

60 

s. 

65 

s. 

ins. 

aim.    io5 

aim.    ins. 

aim.    ios. 

s. 

100 

ft.  s. 

ins. 
ft. 


s.  s. 
s. 
ins. 


22.8 
760 
4.5 


I 

s. 
0.6 

3 
30 

V.  s, 

ins. 
V.  s. 
V.  s. 
ins. 
ins. 

s. 
ins. 

40 


gra.  pr.  fSj, 


62.3 
31. 1 


2.8 


3-4 
6.2 


5.8 


1.8 


37-4 
623 

124.6 
12.4 


9.3 


GLOSSARY 

OF  UNUSUAL   CHEMICAL  TERMS. 


[The  figures  in  parenthesis  refer  to  the  pages  of  this  book,  where  a  fuller 
explanalion  may  be  found  } 


ACTINISM.     The  chemical  effects  of  light. 
Areometer.     Hydrometer.     (13.) 
^rugo.     Verdigris.     Impure  subacetatc  of  copper. 
iSthiops.     Black  sulphide  of  mercury.     Hg,S. 
Alabaster.     A  light-colored,  compact  gypsum    CaSO^.     (261.)' 
Alchemy.     The  Arabic  name  for  chemislrvt   which   formerly 

arose  out  of  the  search  for  the  philospher*s  stone  and  the  elixi 

of  life. 
Alembic.     A  form  of  still  or  retort,  used  in  sublimation. 
Alkarsin.    Oxide  of  cakodyl,  or  racodylic  acid.  As(CFl,)jO,H. 
Alloy.     A  mixture  or  coaipound  formed  by  fusing  two  or  mo 

metals  together. 
Amidon.     Starch.     (367.) 

Amorphous.     Without  a  definite  crystalline  form. 
Anhydride.     An  oxide  which  can  combine  with  the  elemeo 

of  water  to  produce  an  acid.     Hence,  an  acid  deprived  of  one 

or  more  molecules  of  water. 
Anode.     The  4-  jxile  of  a  voltaic  circuit. 
Apple  Oil.     Valerianate  of  amyl. 
Aqua  Fontana.     Aqua,  U.  S.  P. 
Aqua  Fortis.     Crude  nitric  acid,     (176.) 
Aqua  Phagedaenica.     Yellow  wash.     Mercuric  hydrate 
Aqua  Regia.     Nitro-muriatic  acid.     (176.) 
Aqua  Vitae.     Brandy. 
Argols.     (.'rude  cream  of  Tartar.     (243.) 
Arrack.     A  spirituous  drink  made  from  the  juice  of  the  cocoaout 

tree. 
Auripigmcntum.     Orpiment.     Arsenous  sulphide. 
Austral.     The  south  pole  of  a  magnet. 
Azote.     (Fr.)     Nitrogen. 
Azotic  Acid.     Nitric  acid.     (176.) 
U70 
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BALDWIN'S  Phosphorus.     Fused  calcium  nitrate ;  ix>3- 
sih\y  luminous  calcium  sul{)Uide. 
Balsam  of  Sulphur.     A  solution  of  S.  in  olive  oil. 
Barilla.     The  ashes  of  sea  plants,  and  Salsola  Soda. 
Basyl.     A  term  applied  to  an  electro-positive  radical. 
Battery.     An   apparatus  for   the  production  of  electricity  by 

chemical  action.     (62.) 
Baum^.     The  name  of  the  inventor  of  a  hydrometer  bearing 

this  name. 
Bell  Metal.     An  alloy  of  6  parts  copper  and  2  parts  tin. 
Bestuchufs  Tincture.     An  ethereal  solution  of  Fe^CI,. 
Bibron's   Antidote.     A  solution  of  HgCl,,KI,  bromine,  alco- 
•    hoi,  and  water. 
Bittern.     The  mother  liquor  remaining  after  extracting  NaCl 

from  sea  water  by  evaporation  and  crystallization. 
Black  Ash.     Impure  Na^CO^,  mixed  with  carbon. 
Black  Drop.     Auetum  opii.     Vinegar  of  opium. 
Black  Flux.     Made  by  igniting  cream  of  tartar  with  one-half 

its  weight  of  nitre,  KNO,.     It  contains  carbon  and  KjCO,. 
Black  Lead.     Phmiliago;  a  native  variety  of  carbon,  used  for 

making  lead  pencils,  crucibles,  and  stove  polish.      (202.) 
Black  Salts.     The  ley  of  wood-ashes  evaporated  nearly  todry- 

ness. 
Black  Wash.     Contains  suboxide  of  mercury,  Hg^O.    (275.) 
Bleaching  Poivder.     Chloride  of  lime.     A  mixture  of  chlo- 
ride and  hyix)chlorite  of  calcium,      (259.) 
Blende      Native  sulphide  of  zinc.     ZnS.     (272.) 
Blue   Mass.     Pilul^e  Hydrargyri. 
Blue  Ointment.     Unguentum  Hydrargyri. 
Blue  Vitriol,  or  Bluestone.     Sulphate  of  copper.     (250.) 
Bole.     An  argillaceous  earth. 
Bone  Ash.      Impure   Ca_,P(),   from  burning   bones.     Bone* 

black.     (Charred  bones.)     203. 
Borax.     Biborate  of  sodium.     Tetraborate  of  sodium,  Na,B^O,. 

(234) 
Boreal.     The  north  pole  of  a  magnetic  needle. 
Brass.      An  alloy  of  rop|)er  and  zinc. 
Brimstone.     Kull  sulphur.     (153) 
British  Barilla.     Hluck  Ash. 
British  Gum.     Dextrin.     (369.) 
Bronze.     An  alloy  of  copper  and  tin. 
Bruns^vick  Green.     Oxyrhloride  of  copper. 
Bunsen  Burner.     A  gas  burner  used    for  the  production  of 

heat,     it  mixes  the  gas  and  air  before  burning  them. 
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Bumett'8  Disinfecting  Fluid.    Solution  of  ZiiCl,.      (167.) 
Butter  of  Zinc,  Antimony  and  Bismuth.    Their  chlorides. 


L 


CALAMINE.     Impure,  native  carbonate  of  zinc.      (370.) 
Calcareous  Spar.     Calcite.     CaCo,.     (262.) 
Calcedony.     A  native  form  of  SiO,. 
Calcined  Mercury.     Mercuric  Oxide.     HgO. 
Calcining.     Igniting  a  substance  in  the  air,  so  as   to   burn  off 

any  oxidi/able  material,  or  expel  volatile  products. 
Calomel.     Mcrcurous   chloride.      Mild   chloride  of  mercury^ 

HgXl,.  (275.) 
Caloric.     Old  term  for  heat. 
Calorie.     The  unit  of  heat  used  in  determining  the   heat  of 

combination  of  chemical  compounds.     (29.) 
Camphene.     Oil  of  turpentine.     Camphene   burning   fluid  is 

a  solution  of  turpentine  in  alcohol. 
Canton's  Phosphorus.     Luminous  CaS,  or  luminous  paint. 
Caput  Mortuum,      The  residue  left  after  ignition  of  FeSO^  or 

iron  pyrites.     Impure  Ke/),.     (295.) 
Caramel.     Burnt  sugar.     (363.) 

Carbolic  Acid.     Phenic  acid.    Phenyl  acobol.     (426.) 
Carburet.    Carbide. 
Catalysis.     The  action  of  a  body  in  promoting  combination 

or  decomposition  by  its  presence,  the   body  itself  remaining 

unchanged. 
Cathode.     The  negative  pole  of  a  galvanic  circuit. 
Chalk.     An  amorphous  carlionate  of  lime.     (262.) 
Chameleon  Mineral.       Permanganate  of  ix>ta5sium. 
Choke  Damp.     Carbonic  anhydride.     CO,.     C^*^.) 
Chrome  Green.     A   mixture  of  chrome  yellow  and  Pruffiian 

blue;  or  se-sqiiio>ide  of  chromium.     Cr^CJ,.     (285.) 
Chrome  Vermilion.     Dichromate  of  lead.     PbCr,0,. 
Chrome  Yellow.     Chromate  of  lead.     PhCrO,.     (224.) 
Cinnabar.     Native  red  sulphide  of  mercury.     Hgfi.      (274,) 
Citrine  Ointment.     Nitrate  of  mercury  ointment. 
Clay.     Imjaire  silicate  of  alumina. 

Clay  Ironstone.     A  variety  of  hematite  iron  ore.      Ke,0  . 
Colcothar.     Kerric  oxide.     I'e,Ov     Kouge ;  crocus. 
Collodion,  Solution  of  gun  cotton  in  alcohol  and  ether.  (370.) 
Colloids.     Jelly-like  or  noncrystallizablc  bodies.     (76.) 
Colophony.     Common  resin,  or  rosin.     (323.) 
Common   Salt.     Sodium  Chloride.     NaCI.     (228.) 
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Condy's    Solution.     Contains    permanganate    of    potassium. 

K,Mn,0..     (290.) 
Copperas.      Green      vitriol.      Crystallized    ferrous    sulphate, 

KeSO,.   7A<i.     (293.) 
Corrosive    Sublimate.     Mercuric    chloride.     Bichloride    of 

niertury.     (277)     HgCl,. 
Cream    of   Tartar.     Acid    potassium    tartrate.     HKC^H^O^ 

(243) 
Crocus  of  Antimony,  or  Crocus  Metallorum.     Oxysul- 

phide  of  antimony.     (197) 

Crocus  Martis.     Colcothar.     l'V,0, 

Crystalloids.  Crystallizablc  bodies,  as  distinguished  from 
colloids.     (76,) 

Crystals  of  Venus.     Copper  acetate.     Cu(C,H,0,),.H^O. 

Cubic  Nitre.     Sodium  nitrate.     NaNO, 

Cupellation.  The  process  of  purifying  silver  or  gold  in  a 
cupel  or  cup  made  of  bone  ash.  When  the  alloy  is  strongly 
heated  in  the  air,  the  other  metals  oxidize,  and  the  cupel  ab- 
sorbs the  oxide,  leaving  the  pure  silver  or  gold. 


DECANTATION.     The  process  of  pouring  off  the  clear 
lii|iiid  above  a  sediment. 
Decoction.     An  extract  of  an  organic  substance,  made  with 

l>oiling  water. 
Decrepitation.     The  crackling  of  certain  salts  when  suddenly 

healed. 
Deflagration.     A  rapid  and  scintillating  combustion.    It  takes 

place  in  certain   mixtures  containing  the  nitrates  or  chlorates. 
Delequescent.     An    adjective    applied    to    those    substances 

which  attract  moisture  from  the  air  and  litjuefy.     (77.) 
Destructive    Distillation.     Dry  distillation,  conducted  with 

the  object  of  destroying   the  substance  and   producing  new 

ones.     (37.) 
Detonation.     Rapid  chemical  action,  accompanied  by  flame 

and  noise.     An  explosion 
De  Valangin's    Arsenical  Solution.     A    solution  of  the 

chloride.     .Vs».'l,.     Liq.  Arsen.  Hydrochlor. 
Dew-point.      The  temperature  at  which  the  moisture  of  the  air 

begins  to  dc|x>sit. 
Dialysis.    The  process  of  the  diffusion  of  liquids  and  solutions 

through  membranes.   (75.) 
Dimorphous.     Crystallizing  in  two  distinct  systems.     (76.) 
57 
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Displacement.    Expelling  a  Hnid  from  a  /essel  by  anol 

different  density. 
Dolomite.     Magnesium  limestone.     (267.) 
Donovan's  Solution.     Contains  the  iodides  of  ar^enij 

mercury.     (186.) 
Dover's  Powder.    Compound  ipecac,  powder;  contains 

(1  gr.  in  10.) 
Drummond  Light.     Calcium  light. 
Dry  Distillation.     The  process  of  subjecting  solid  or  orgai 

Ixxlies  to  heal,  in  a  closed  retort. 
Ductile.     Cajable  of  l)€ing  drawn  into  wire,  or  rolled  oi 

sheets. 
Dutch  Gold.     A  species  of  brass,  usually  sold  in  verj 

leaves  or  sheets. 
Dutch  Liquid.     Eihene  dichloride.     C,H,CI,. 
Eutch  White.    Impure  white  lead. 


T^AU  de  Javelle.     A  solution  of  chlorinated  potass 

L-*     lass,   hypociilorite.     KOCl. 

Educts.     The  proximate  principles  of  which  bodies 

merly  supposed  to  be  formed. 
Effervescence,     The  rapid  escape  of  gas  from  a  liquid. 
Efflorescence.     The  escai^e  of  the  water  of  cr)stallization  a.% 

the  consequent  crumbling  down  of  the  crystal.     (77.) 
Electrode.     The  pole  or  wire  forming  a  part  of  a  voltaic  ci 

cuit.      (65.) 
Electrolysis.     Decomposition  by  means  of  a  strong  electi 

current.     (71) 
Element.     A  substance  which  has  never  been  decomposed 
Elixir  of  Vitriol.    Aromatic  sulphuric  acid. 
Elutriation.     The  process  of  sejiaraling  the  finer   and  light 

particles  of  a  ]iowder  from  the  coarser,  by  suspending  them 

water  and  i>ouring  off  the  ligliter  floating  particles  wi 

water. 
Emerald  Green.     Schwcinfurih  green,  or  aceto-arse: 

coi)per.     See  Paris  green. 
Emery.     .An  impure  corundum.    A1,0,.     (283.) 
Eosin.     Tetrabrom-fluorescine.      A    beautiful,    red,   artifici 

colorin;^  malter. 
Epsom  Salt.    MgSO.-yAq.    (265.) 
Eremacausis.     The  slow  decay  of  organic  substances  iff 

air. 
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Essence  of  Mirbane.     Nitro-benzol.     (52B.) 
Essential  Oils.     Volatile  oils. 

Eudiometer.     A  graduated  glass  tube,  closed  at  one  end,  used 
for  measuring  gases. 

FERMENTATION.     (542.) 
Filter.     A  porous  substance  used  to  separate  a  solid  and 

liquid  by  allowing  the  latter  to  pass  through,  while  the  former 

is  retained. 
Fire  Damp.     Light  carbureted  hydro;;en  (Marsh  gas),  mixed 

with  air.     (315.) 
Fixed  Air.     Choke  damp.     CO,.     (164.) 
Flint.     An  impure  variety  of  silica.     SiO,. 
Flowers  of  Antimony.     Oxide  of  antimony. 
Flowers  of  Benzoin.     Benzoic  acid.     (437.) 
Flowers  of  Sulphur.    Sulphur  sublimatum.    U.  S.  P.    (,^$3-) 
Flowers  of  Zinc.     Oxide  of  zinc.     ZnO.     (272.) 
Fluorescence.     The    |>roperiy  possessed  by   certain   bodies, 

as  quinine  salts,  of  rendering  visible  the  ultra-violet  or  cherai- 

cnl  rnys  of  the  solar  spectrum. 
Fluorspar.     Native  calcium  fluoride.     CaF,     (115O 
Flux.     A  material  added  to  ores  in  smelting,  to  form  an  easily 

fusible  slag. 
Foliated  Earth  of  Tartar.     KC,H,0,.     Potassium  acetate. 
Fool's  Gold.     Iron  |)yritcs. 
Fowler's  Solution.     Solution  of  the  arsenite  of  potassium. 

French  Chalk.     Silicate  of  magnesia.     Soapstone;  talc. 

Fructose.     Fruit  sugar.     Le\ulose. 

Fuchsine.     Aniline  red.     M:\genta.     C^Hj^Nj. 

Fuming  Liquor  of  Libarius.    Solution  ol  stannic  chloride. 

Fusel  Oil.     Amylic  alcohol.     (,351.) 

Fusible  Calculus.    One  comTx>sed  of  a  mixture  of  phosphate 

of  liuie.  and  ammonia-magnesium  phosphate. 
Fusible  Metal.     Bismuth  2  parts,  lead  i  i>art,  and  tin  i  part. 

Melts  at  about  200*^  F. 


GALENA.     Native  lead  sulphide.     (220.) 
Galvano-Cautery.     A  surgical  knife  heated  by  galvanic 

current. 
German  Silver.     An  alloy  of  copper,  nickel,  and  zinc. 
Glass.     An  artificial  silicate  of  calcium,  sodium,  iron,  lead,  etc. 
Glass  of  Antimony.     Fused  trisulphide  of  antimony.     Sb,S|, 
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Glass  of  Borax.     Fused  Borax. 

Glauber's  Salt.     Sodium  siil])hate.     (230.) 

Glucose.     Gra]>c  sugar.     Now  made  o a  large  scale  from  corn 

starcli      (J59- ) 
Glucoside.     (See  p.  492.) 

Glyceroles  and  Glycerita.    Simple  glycerin  solutions. 
Goniometer.      An    instrument   for   measuring   the  angles   of 

crystals. 
Goulard's   Extract,  and   Cerate.      Contain  subacetate  of 

lead. 
Graphine.     Carbon  deposited  in  gas  retorts. 
Graphite.     PlumUigo.     Black  lead.     (202.) 
Green  Vitriol.     Copperas.     l''cSO,.7Aq.     (293.) 
Guano.     A  de|>osit  of  excrement  ol  sea  fowl. 
Gypsum.     Calcium  sulphate.     Plaster-of- Paris.     (261.) 

L.1ALOGEN  Elements.     Haloid  Salt      The  elements  of 

the  chlorine  group  and  their  binary  compounds.     (186  ) 
Harle's  Solution.     Solution  of  arsenite  of  sodium. 
Hartshorn.     AuimanKU     (169.) 
Haschisch.     Indian  hemp. 

Hepar  Sulphuris.     hiver  of  sulphur.     Potassium  sulphide. 
Hive  Syrup.     Compound  syrup  of  squilU. 
Hoffman's  Anodyne.     Spirit.   vEther.   Co.     Ether,  1    pint; 

alcohol,  I  pint;  etlicreal  oil,  f^vj. 
Homberg's  Pyrophyrus.     Is  made  by  igniting   potassium, 

aliun  and  chart  oal. 
Homologous  Series,     (jio.) 
Homologues.     (31 1.) 

Huxham's  Tincture.     Conipoxiiid  tincture  of  cinchona. 
Hydracid.     A  binary  acid.     Contains  no  oxygen. 
Hydrate.     A  compound  containing  hydroxyl,  HO,  combined 

to  a  ix)sitive  radical. 
Hydrochloride.     A  compound  of  HCl,  formed  by  the  union 

ol  the  whole  molecule  by  synthesis;   as  compounds  with  the 

alkaloids. 
Hydroxide.     Same  as  a  hydrate. 
Hygrometer.     An  instrument   for  the  determination  of  the 

relative  amount  of  moisture  in  the  air. 


TCE  Vinegar.     GLicial  acetic  acid.     (411.) 

Incandescence.     The  glow  of  a  highly  heated  body. 
(Incineration.      The   reduction   of   a  sjbstance   to  ashes 

burning. 
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Incompatible.     Incapable  of  being  mixed  without  chemical 

Infusion.    An  extract  of  an  organic  substam:e,  mide  by  pouring 
iiot  water  u[>on  il  aiiU  allowing  it  to  stand   fur  some  hours. 

(149) 
Inosite.     Muscle  sugar.     (361.) 
Ion.    A  l)>dy  going  to  the  positive  (anode)  or  negative  (cathode) 

|)ole  of  a  gaivanic  battery  during  tleclrolysis. 
Iron  Pyrites.     Native  sulphide  of  iron.     Fool's  gold, 
Isinglass.     A   variety  of  gelatin,  or  fish  glue.     Sometimes 

erroneously  applied  to  mica. 
Ivory    Black.      Animil   charcoal,    made   by   distilling   ivory 

serais ;  is  now  generally  applied  to  bone  bUck. 

JAMES'  Powder.     Antimonial  powder. 
Japan  Black.     A  varnish  composed  of  asphaltum.  turpen- 
tine, linseed  oil,  and  umlicr. 
Jesuits'  Powder.     Powdered  cinchona  bark. 

T^AOLIN.     A  pure  white  clay. 

Kelp.     Ashes  of  sea  weeds ;  used  as  a  source  of  iodine  and 
carbonate  of  sodium. 
Kcrmes'  Mineral.     Sb,S,.     (197.) 
King's  Yellow.     Orpiment.     As^S,. 
Kyan's  Disinfectant.     Solution  of  HgCl,. 

J  ABARRAQUE'S  Disinfecting  Liquid.  Solution  of 
hypochlorite  of  sodium  or  chlorinated  soda.  (234.)  (168.) 
Lac  Sulphuris.  Precipitated  sulphur.  (154.) 
Lacquer.  A  varnish  used  for  brass,  etc. 
Lactin — Lactose.  Sugar  of  milk.  (364.) 
Lady  Webster  Pill.  Pill  of  aloes. 
Lake.     An  organic  coloring  matter  precipitated  with  ahimhium 

hydrate.     Used  as  pigments. 
Lampblack.     The  soot  of  burning  lurpentine.     (203.) 
Lana  Philosophica.    Oxide  of  zinc.     (372.) 
Lapis  Infernalis.     Lunar  caustic.     AgNO,. 
Laughing  Gas.     Nitrous  oxide.    N,0.    Dentists' gas.    (171.) 
Lead  Water      Diluted  Goulard's  Extract,  containing  suliace- 

tate  of  lead.     (224.) 
Ledoyen's   Disinfecting  Liquid.     Solution  of  nitrate  of 

lead.     (167.) 
Levigation.     The  reduction  of  a  substance  to  an  inipnl|iable 

powder,  by  rubbing  on  a  slab  with  a  flat  pestle  called  a  muller^ 

with  sufficient  water  10  form  a  paste. 
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Lime.     CaO.     (260.) 

Limestone.     A  native  carboDate  of  lime.     (25S.) 

Litharge.     PbO.     Semi-vitrified  oxide  of  lead.     (22a.) 

Lithic  Acid.     Uric  Acid.     (458.) 

Liver  oF  Sulphur.     Potass,  sulphiiret.     K^S.     (242-) 

Lixiviation.     The  separation  of  the  soluble  {x^rtioDs  of  a  sub-' 

stance  hy  causing  water  to  filter  through  it.     (149.) 
Loadstone.     The  native  magnetic  oxide  of  iron,  or  magnetite. 

A  magnet,     (395.) 
Lugol's   Solution.     Compound  solution  of  iodine.     lodinej 

held  in  solution  by  Ki.     (124.) 
Lunar  Caustic.     Nitrate  of  silver.     AgNo,.     (255.) 
Lute.     An  adhesive  mixture  for  closing  the  joints  of  apparatus, 

to  prevent  the  escape  of  vapors,  etc. 


MACERATION.     The  long-continued  soakiog  of  a  sub- 
stance in  water  at  common  temperatures.     (149.) 
Macquer's  Salt.     Potassium  arsenate. 

Magendie's  Solution,     Murph.  sulphate,  gr.  xvj;  water,  fjj. 
Magistery  of  Bismuth.     Subnitraie. 
Magma      .\  f>asty  mass. 

Magnesia  Alba.     Magnesium  carbonate.     (270.) 
Malleable.     Capable  of  being  worked  under  the  hammer. 
Marble.     Nearly  pure  native  carbonate  of  lime.     (262.) 
Marine   Acid.      Muriatic   acid.     Hydrochloric   acid.      HCl, 

(119.) 
Martial  /Ethiops.     Fe,0^.     Magnetic  oxide  of  iron. 
Massicot.     Amorphous  oxide  of  lead.     PbO.   Powdered  Iith-| 

arge.     (222.) 
Matrass.     A  glass  vessel  with  a  long  neck,  or  a  tube  sealed  at 

one  end.     Used  for  heating  dry  substances. 
Menstruum.     A  solvent,  or  medium  of  chemical  reaction. 
Mercaptan,     An  alcohol  in  which  O  is  replaced  by  sulphur. 
Metalloid.     Non-metal.   (106.) 
Metameric  Bodies.     The  same  as  isomeric.     (313) 
Microcosmic  Salt.     NaNH^HPO^. 
Milk  of  Lime.     Whitewash.     (261.) 
Milk  of  Sulphur.     Precipitated  sulphur. 
Mineral   Water.    Water  charged   with  carbonic  acid;    also 

natural  water  holding  medicinal  substances  in  solution.   (148,) 
Mineral  Yellow.     Oxychloride  of  lead. 
Minium.     Red  oxide  of  lead.     2PbO.PbO,.     (222.) 
Molecule.     (79.) 
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Monscl's  Salt.     Siibsnlphate  of  iron.     (2g6.) 

Mordant.     A  substance  used  to  fix  colors  on  fabrics. 

Mosaic  Gold.     Brass. 

Mountain  Blue.     Azuritc.     Native  basic  carbonate  of  copper. 

Mountain  Green.     Malachite.     A  native  basic  carbonate  of 

copper.     (251  ) 
Mulberry  Calculus.     Calcium  oxalate. 
Muriate.     A  chloride. 
Muriatic  Acid.     Hydrochloric  acid.     (119.) 


CaCjO^. 


NAPHTHA.     A  light  hydrocarbon  obtained   from  petro- 
leum, and  boiling  at  about  80°  to  los*^  C.     (33a.) 
Natron.     Native  carbonate  of  sodium. 
Neutral.     Without  action  ou  test  paper.     Neither  acid  nor 

alkaline. 
Neutral  Mixture.     Solution  of  citrate  of  potassium. 
Nitre.     Salipttre.     KNO,.     (240) 
Normal  Salt.     Neither  acid  nor  basic. 

OBSIDIAN.     Volcanic  glass. 
Ochre.     A  native  mixture  of  clay  and  ferric  oxide,  used 

as  a  paint. 
Oil  of  Vitriol.     H,SO,.     Sulphuric  acid.     (158.) 
Oil  of  Wine      Bthyl  sulphate.     (C,Hj,SO,. 
Oreide.    A   species   of  brass  resembling  gold,   and  used   for 

jewelry. 
Orpiment.    Arsenous  sulphide.    As^S,.     (185.) 
Ortho-acid.     .\n  acid  in  which  each  bond  of  the  kernel  is 

united  to  hydroxyl.    (^OH  ) 
Osmosis.     The  diffusion  of  liquids  through  porous  septa.    See 

Dialysis.     (75.) 
Ox-acid.     A  ternarj'acid  containing  oxygen. 

PACKFONG      A  variety  of  German  silver. 
Paris  Green.     ItnpureSchweinfunh  green.    Accto-arsen- 
ite  of  cop|>er.     (251.) 
Particle      A  minute  |)ortion  of  matter. 
Pearl  Ash.     Impure  carl>onate  of  |>otassium,     (341.) 
Pearl  Powder.     Subriitrate,  or  oxychloride  of  bi.smuth.     (BiO 

NO,  or  BiOCl.') 
Pearl  White.    BiONO,,  or  BiOCL 
Pearson's  Salt.  Arsenate  of  sodium.     Na,AsO,. 
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Pe%vter.     An  alloy  of  variable  composition.   Usually  composed 

of  tin.  lead,  copier,  and  antimony,  or  zinc. 
Pinchbeck  Gold      A  si»ccies  of  brass 

Plaster  of-Paris.    Calcium  sulphate.  Calcined  gypsum.  (261.) 
Platinum    Blaclc,  and  Sponge.     Finely  divided   platinum. 

Plumbago.     Native  carbon.     Graphite,     (202 ) 

Potash,     Impure  carbonate  of  potassium, 

Potassa.     Oxide  ur  hydrate  of  potassium. 

Powder  of  Algaroth.    Oxychloride  of  antimony,     (196.) 

Precipitate.  An  insoluble  sut>stance  formed  on  bringing  two 
or  more  subslances  together  in  solution. 

Precipitatum  Per  Sc  Mercuric  oxide.  HgO.  Made  by 
lieating  mercury  to  near  its  boiling  point  until  it  oxidizes. 

Preston  Salts.  Cart>onate  of  auimonia,  flavored  with  some 
essential  oil 

Prussian  Blue.     Ferric  ferrocyanide.     (217.) 

Prussic  Acid      Hydrocyanic  acid.     (52^.) 

Pseudomorph.  A  mineral  crystallized  in  the  form  that  belongs 
to  another  mineral. 

Puce-oxide  of  Lead.     Lead  peroxide,  or  brown  oxide. 

Purgative  Mineral  Water.     Liq.  Magnes.  citrat 

Purple  of  Cassius.  A  pii^ment  produced  by  treating  chlo- 
ride of  gold  with  a  solution  of  stannous  chloride.     (257,) 

Putty.     ComposL'd  of  whiting  and  Linseed  oil. 

Putty  Powder      Stannic  oxide. 

Pyrites.     Native  sulphide  of  iron. 

Pyroxilic  Spirit.     Wood  alcohol      Methyl  alcohol.     (345.) 

Pyroxylin     Gun  cotton.    Trinitro-cellulose.    (370.) 


QUANTI VALENCE.      Quantity   of  combining  power; 
^.^      a|tplie<l  to  atoms.     (See  Equivalence.) 
Quartz.     SiO,      (217.) 

Quevcnnc's  Iron      Ferrum  redaclum.    (292,) 
Quicklime.     Causiic  lime.     CaO.     (260.) 
Quicksilver.    Mercury.     (274.) 

RADICAL.     An  atom,  or  group  of  atoms,  formingthc  basis 
ot  a  hcries  of  com[>ounds.     (90  ) 
Radical  Vinegar.     Glacial  acetic  acid. 
Realgar.     Red  sulphide  of  arsenic,     f  187) 
kRed  Precipitate.     Red  oxide  of  mercury.     HgO.     (279.) 
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Red  Prussiatc  of  Potash.    Ferricyanide  of  potassium.   (217) 

Red  Tartar.     Ar^ul      (422.) 

Regulus  of  Antimony.     Metallic  antimony. 

Roche,    and    Roman    Alums.     Arc   varieties  of  potassium 


nlnin. 


(244.) 


Rochelle  Salt.     Tartrate  of  potassium  and  soditim. 

Kock  Crystal      Quartz     SiO,.     (217.) 

Roman  Vitriol.     Sulphate  of  copper      CuSO^. 

Rouge      Ferric  oxide  in  fine  powder.     Fe.^O,. 

Ruby.     Native  Al,Oj,,  of  a  beautiful  red  color     (283  ) 

Rust.     Ferric  oxide  ;  generally  containing  some  ferric  hydrate. 


SACCHARUM  Saturni.     Acetate  of  lead      (224.) 
Safety  Lamp.    A  lamp  inclosed  in  wire  ^jaiue,  to  prevent 

explosions  of  explosive  gases  in  mine^,  cellars,  etc 
Sal  ^ratus.     Potassium  bicarbonate. 
Sal  Alembroth.     Double  chloride  of  mercury  and  ammonium. 

(276.) 
Sal  Ammoniac.     Ammonium  chloride.    (245.) 
Sal  Diureticus      FotiLssinm  acetate. 
Sal  Enixum.     Potassium  bisulphate. 
Sal  Mirabile.     Sodium  sulphate, 
Sal  Perlatum.     Sodium    phosphate. 
Sal  Prunelle.     Fused  nitre.     KNO,. 
Sal  Volatile.     Aiuinoniurn  carbonate. 
Salt  of  Lemon  and  Salt  of  Sorrell.     Potassium  binoxalate. 

(343) 
Salt  of  Phosphorus.     Mitrocosmic  salt. 
Salt  of  Saturn       Atetaie  of  lead.     (224.) 
Salt  of  Tartar.     Pure  |K)tassium  carbonate.     (241.) 
Saltpetre.     Potassium  nitrate.     (240.) 
Sapphire.     A  n.itivc  form  of  Al,Op  of  a  blue  color.    (2KJ,) 
Scheele's  Green.     Arscnite  of  copper.     (188.) 
Schlippe's  Salt.     Sodium  sulphautimoniate.     Na,SbS^. 
Schweinfurth  Green.     Cop|>er  aceto-arsenite.     (251.) 
Seidlitz    Powder.     A    mixture   of  sodium   bicarbonate    and 

Rochelle  salt  in  one  paper  and  tartaric  acid  in  another. 
Seignettc's    Salt.     Rochelle  salt,  KNaC\H,0..     (244.) 
Sienna.     A  native  red  pigment.    An  impure  oxide  of  iron. 
Sizing-     A  gelatmous  mixture  put   into  palter  or  cloth,  to  fill 

up  the  pores. 
Slag.     The  fused  impurities  from  smelting  of  ores.     (292.) 
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Smalt.     Glass  colored  blue  by  oxide  of  cobalt  and  powdered. 

Smelting.      The  process  of  recovering  the  metals  from   their 
ores- 

Soapstone.     Talc.     (268) 

Soda  Ash.     Crude  sodium  carbonate.     (232.) 

Soda  Saltpetre.     Sodium  nitrite.     NaNO,.     (234.) 

Soda  Water.      Water  artificially  charged  with   CO,   under 
pressure. 

Solder.     An  alloy  of  tin  and  lead. 

Soluble  Glass.    See  Water  Glass.     (2x8.) 

Soluble  Tartar.     Neutral  potassium  tartrate.     (243*) 

Speculum  Metal.     An  alloy  of  copper  and  tin. 

Speiss.     Impure,  fused  nickel  arsenide. 

Spelter.     Commercial  zinc. 

Spermaceti.     A  fat  obtained  from  the  sperm  whale 

Spirit  of  Hartshorn.    Spirit  of  ammonia.    Solution  of  ammo- 
nia in  alcohol. 

Spirit  of  Mindererus.  Solution  of  ammonium  acetate.  (247.) 

Spirits  of  Nitre.     Nitric  acid.     (378.) 

Spirit  of  Salt.     Muriatic  acid.     (119.) 

Spirit  of  Wine.     Alcohol. 

Steinbuhl  Yellow.     Barium  chromate.     BaCrO^. 

Substitution.     The  displacement  of  an  atom  in  a  molecule  by 
another  atom  of  a  different  kind. 

Sugar  of  Lead.     I^ad  acetate.     (224.) 

Sulphuret.     Sulphide. 

Sulphuric  ^ther.     Ethylic  ether,     C^H^fi.     (375.) 

Sulphur  Vinum,     Impure  sulphur.     Horse  brimstone. 

TALMI  Gold.     An  alloy  of  copper  and  aluminium. 
Tartar  Emetic.     Autimonyl  potassium  tartrate.    (244.) 
Tasteless  Purging  Salt.     Sodium  phosphate. 
Thenard's  Blue.       A  compound  of  the  oxides  of  aluminium 

and  cobalt, 
Tincal.     Native  borax.  Na^B^O,.     (23  ^  ) 
Tincture.     A  solution  in  alcohol.     When  in  ether  it  is  called 

an  ethereal  tincture. 
Tombac.     A  kind  of  brass. 
Tournesol.     Litmus. 
Trituration.     Rubbing  in  a  mortar. 
Trona.     Native  sodium  carbonate. 
Tully's  Po'wder.     Comixjund  morphine  powder. 
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TurnbuU's  Blue.     Ferrous  fcrricyanidc.     {217.) 

Turner*s  Cerate.     Calamine  cerate. 

Turner's  Yellow.     I.ead  oxychloride. 

Turpeth  Mineral.     Yellow  sulphate  of  mercury.     (a8o.) 

Tutty.      Impure  zinc  oxide. 

Type  Metal.     An  alloy  of  lead  and  antimony.     (195) 

ULTRAMARINE.     Lapis  lazuli.     A  com|X)und  of  alumi- 
num boUium  silicate  with  sodium   sulphide.      A   beautiful 
blue  pigment.   It  is  now  prepared  artificially,  as  well  as  a  green, 
red,  and  violet  variety. 
Umber.      A  native   silicate  of  aluminum,  with  oxides  of  iron 
and  manganese.     Used  as  a  brown  paint. 

VALENCE  of  Atoms.     Quantity  of  combining   power. 
(87.) 
Vallct's  Mass.     FeCO,  made  into  a  pill  mass. 
Varcc.     Kelp     Ash  of  sea  weeds. 
Verd  Antique.     Precious  seri>entine. 
Verdigris.     Impure  copper  subacctate.     (251.) 
Verditcr.     Ba^ic  copper  carbonate. 

Vermilion.     Artificial  mercuric  sulphide.     HgS.     (280.) 
Vitriolic  Acid.     Sulphuric  acid.     (15**.) 

WATER  Glass.     iSoluble  glass.     Sodium  silicate.     (21S) 
White  Arsenic     Arscnous  oxide. 
White  Lead.     A  basic  lead  carbonate.     (223  ) 
White  Precipitate.     Ammoniated  mercury.     Mercur-amido- 

gcn  chloride.     NH,HgCI.     (278.) 
White  Vitriol.     Zinc  sulphate.     (272.) 
Whiting.     Prepared   chalk.     CaCO,.     White  clay,  often  sold 

for  whuinu, 
Wood  Naphtha  and  Wood  Spirit.    Methyl  alcohol  (345.) 
Wood    Vinegar.      Pyroligneous  acid.      Impure   acetic   acid. 

YELLOW  Prussiate  of  Potash.   Potassium  ferrocvanide. 
(216.) 
Yellow  Wash.     Made  by  adding  corrosive  sublimate  to  lime 
water.     It  forms  mercuric  oxide.     (278.) 

ZAFFRE      Impure  cobalt  oxide. 
2inc  White.     Zinc  oxide.     Used  as  a  paint.    (272.) 
Zymosis.     The  |xK:uliar  action  caused  by  u  ferment. 
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A  BSORPTION  specira,  38 
ri.     Acelamid,  447 

Arid,  capric,  388 

■ 

caproic,  38S                                 ^^^^H 

Acelanilid,  447 

caprylic.  38S                                   ^^^H 

Acetone,  401 

carhamic.  456                               ^^^^H 

Acetonuria,  629 

carbaiolic,  431                               ^^^^H 

Aceul,  400 

carbolic,           525                          ^^^^^ 

Acctol  salicylate,  380 

carbonic,                                    ^^^^^ 

Acctphcnctidin,  449 

catechulannic,  495                       ^^^^| 

Acetylenes,  319 

151                                  ^^^H 

Acetylid,  320 

chlorous,  151                               ^^^^H 

lUoncModium,  320 

464                                   ^^^^1 

disodiam,  320 

chromic,  286                                ^^^^H 

silver,  330 

423                                     ^^^1 

Acid,  abietic,  339 

^^^H 

acetic,  309,  409.  410 

cresulic,  439                                   ^^^^1 

acetic,  glacial.  411 

^^^^1 

aconitic,  423 

denLrotaiUric,  432                         ^^^H 

albumin,  503,  584 

^^^^1 

' 

alaphatic,  409 

dlAceiic,  639                                 ^^^H 

1 

anudu-captuic,  454 

dichloracetic,  411                          ^^^^| 

amido  acetic,  451 

ethylsulphooic,  404                     ^^^^| 

1 

ami  do -formic,  456 

cthyKulphuric.  375,  378              ^^^H 

; 

aroido-oxyphenyl-propionic,  4S5 

591                           ^^^^H 

amido-glutaric,  456 

^^^^H 

amido-5Uccinic,455 

foimic,  410                                  ^^^^H 

amido<sulpho-laclic,  455 

^^^H 

aniimonic,  197 

439                         ^^^H 

arobic,  37a 

galloianmc.  405                           ^^^H 
glulannic,  456                                ^^^^H 

1 

aspaflic,  455 

arsenic,  187,  287 

^^^^1 

aiscnious,  1S8,  536 

glycero  phosphoric,  35s               ^^^H 

1 

l>enzoic!,  437 

glycero-sulphuric,  355                  ^^^^H 

' 

l>enramidacctic,  453 

gtycocholic,  464                          ^^^^H 

bi^muthfc,  199 

Klycolic,  417                                 ^^^H 

boracic,  38l 

hippuric.  452,  637                       ^^^H 

bramic.  151 

hydriodic,  124                              ^^^^1 

butyric.  413 

hydrobrnmic,                                ^^^H 

1 

cafTeclaniiic,  495 

hydrochloric,  tlS                            ^^^H 

k 

^^H 
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Add,  hydrocyanic,  213,  538 
nydrofluoric,  115 
hydrosulphuric,  155 
hydroxypropionic^  417 
hypobromous,  151 
hypochlorous,  151 
hyponitrous,  173 
hyp  iphosphorous,  184 
hyposulphurous,  157 
indoxyl-iulphur  10,462,  463 
iodic,  153 
isobutyric,  41^ 
kinotannic,  495 
lactic,  409,  417, 538 

tests  for,  419 
Iserotartaric,  43a 
iithic,  459 
malic,  431 
malonic,  417,  434 
mannltic,  357 
margaric,  415 
meconic,  424 
mcsolartaric,  422 
metalx)ric,  282 
metantimonioua,  197 
metaphosphoric,  1 83,  619 
meta tartaric,  422 
muriatic,  1x9 
nitric,  175 

in  air,  165 
nitric,  fuming,  176 

tests  for,  177 

physiological  effects,  177 
Ditro-hydrochloric,  I2t 
nitrous,  173 

in  air,  165 
oleic,  415 
organic,  408,  583 
ortho-phcnyl-iiulphonic,  439 
orthophosphoric,  182 
orthosulphuric,  159 
osmic,  300 
oxalic.  419 
oxalurtc,  460 
oxybutyric,  4 1 9,  630 
oxybenzoic,  438 
oxytoluic,  429 
oxysuccinic,  42I 
palmitic,  414 
parabanic,  460 
paralactic,  418 


Acid,  pectic,  373 
perbromic,  151 
perchloric,  151 
periodic,  152 
phenic,  426 
phenylsulphuric,  590 
phosphomolybdiCf  470 
phosphoric,  182 

glacial,  183 
phosphorous,  182 
phosphotungstic,  621 
picric,  470.  43'.  618 
plumbic,  223 
propionic,  412 
pnissic,  528 
pyroantimonic,  198 
pyrogallic,  435 
pyrophosphoric,  183 
pyrotartaric,  423 
quercitannic,  495 
quinic,  495 
quinotannic,  495 
racemic,  422 
saccharic,  357 
salicyl -acetic,  381 
salicylic,  438,  439 
salicylous,  437 
sal  icy  Isul  phonic,  440,  619 
sarcoiactic,  418 
silicic,  3l8 

skatoxylsulphuric,  463 
sozolic,  404 
stearic,  4x5 
succinic,  420 
sulphocarbolic,  439 
sulphocarbonic,  213 
sulpbonic,  amido-ethyl,  4^2 

ortho  phenyl,  439,  404 
sulphuric,  135,  158,  471 

fuming,  i6e 

Nordhausen,  l6r,  393 
sulphurous,  X57 
sulphydric,  155 
sylvic,  329 
tannic,  495 
tartaric,  422 
taurocholic,  464 
telraboric,  2S2 
trichloracetic,  397,6X9 
tri-oxy- benzoic,  439 
tungstic,  288 
uric,  616,  633,  648 
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Acid,  uric,  detection  of,  459 

Alcohol,  commercial,  348 

^J 

valerianic,  414 

cynnamyl,  436 

^^^^^1 

valeric,  413 

deodorized,  348 

^^^^^ 

Acids,  aniidu,  451 

ethylene,  353 

^^^^1 

alophatic,  409 

ethyl.  346 

^^^^^ 

orvraalic,  437 

beptyl.  345 

^^^^H 

atomicity  of,  4(.<g 

iH'xyl,  345 

^^^^^1 

basicity  of,  93.  409 

meliisyl,  353 

^^^^1 

biliary,  464,  631 

menlhyl,  326 

^^^^1 

tests.  465 

methyl,  345 

^^^^^1 

definition,  93,  40S 

octyl.  345 

^^^^H 

fatly,  409 

phenyl,  426 

^^^^H 

oxacids,  93 

propyl.  3fii 

^^^^1 

organic,  408 

physiological  action,  347 

^^^^1 

dibasic,  419 

salicylic,  436 

^^^^1 

monobasic,  410,  417 

Alcohols,  diatomic,  353 

^^^^H 

iribasic,  423 

hexatomic,  356 

^^^^M 

sulpho,  93 

nK)natomic,  34$ 

^^^^M 

lliionic,  157 

pcntatomic,  356 

^^^^M 

vegeuble,  525 

primary,  344 

^^^^^1 

Acunitiue,  479 

secondary.  344 

^^^^1 

Acrose,  361 

table  of,  345 

^^^^^H 

Actinic  rays,  39 

tertiary,  345 

^^^^H 

Actinism,  39 

tetratomic,  356 

^^^^^^1 

Addition  products,  336 

triatomic.  354 

^^^^1 

Adenin,  462 

Aldehyde,  ethyl  or  acetic,  395 

^^^^M 

Adhesion,  I4 

fliii»ic,  437 

^^^^^M 

Adipiicere,  414 

aromatic,  436 

^^^^^M 

Adracaothio,  372 

iMrnwic,  397,  436 

^^^^^ 

Air,  163 

cinnaraic,  397,  437 

^^^^H 

gases  in,  165 

cuminic,  397,  437 

^^^^^1 

Albolem,  319 

formic,  395 

^^^^H 

Albumin,  ccg,  500,  617 

propyl,  551 

^^^^H 

(•stimation  of  in  urine,  620 

salicylic,  397,  437 

^^^^1 

serum,  500 

irichlor,  397 

^^^^1 

tests  for,  617 

vanillic,  399,  437 

^^^^^1 

vegetable,  501,514 

Aldehydes.  394 

^^^^^ 

Albumins,  derived,  503 

Aldoses,  358 

^^^^^1 

native,  498 

Algaruth,  powder  of,  I96 

^^^^1 

Albuminates,  acid,  503 

Ale.  349,  35« 

^^^^M 

alkali.  504 

Algin.  373 

^^^^M 

Albuminometer  (Esbach's],  620 

Allantoin,  460 

^^^^^H 

Albuminuria,  accidental,  622 

Alizarin,  335 

^^^^M 

Albumosc,  499,  507,  584.  621 

Alkali  albumin,  504 

^^^^M 

Alcohol,  absolute,  347 

Alkaline  earths,  metala  of,  257 

^^^^^H 

estimalion  of,  34S 

phosphates,  612 
Alkaloids.  468 

^^^^1 

*myl.  351 

^^^^M 

j                       aromatic,  436 

cadaveric,  485 

^^^^M 

[                     lienzylic,  436 

color  reactions,  471 

^^^^^M 

butyl,  351 

natural,  46S 

^^^^M 

"fyi.  353 

nomenclature,  469 

^^^^M 

i                     c«yl,  353 

j 

opium,  483 

J 
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Alka1c»ds,  properties,  469 

putrrfactive,  485 

reagents  for,  470 

separation  of,  471 

table  of,  477 
Allotropism,  118 
Alphanaphthol  lest,  627 
Alum,  ammonium,  2S4 

burnt,  284 

chrome,  284 

ferric,  284 

manganese,  284 

potassium,  284 
Alumina,  383 
Alnminates,  283 
Aluminite,  283 
Aluminum,  282 

bronze,  283 

chloride,  283 

hydroxide,  283 

napthol-disulphonete,  404 

oxide,  283 

sulphate,  283 

and  ammon.  sulphate,  284 
Alumnol,  404 
Amalgam,  275 
Amalgamation,  62 
Amber,  329 
Amethyst,  217 
Amids,  440-446 

acid,  451 
Amins,  440-441 

preparation,  44s 
primary,      \ 
secondary,  V  440 
tertiary,       ) 
Ammonia,  144, 165,  169 

action  on  econumy,  248 

composition,  170 

tests,  170 
Ammoniacum.  330 
Ammonias  compound,  440 
Ammonio- ferrous  sulphate,  294 
Ammonio-magne&ium  phosphate,  269, 

636 
Ammonium,  245 

acetnle,  247 

bcnzoate,  247,  437 

bromide,  245 

carbamate,  456 

carbonate,  246,  540 

chloride,  245 


Ammonium  compounda,  245 

hydroxide,  201,  346 

iodide,  346 

molybdate,  287 

muriate,  245 

nitrate,  247 

phosphate,  247 

purpurtUe,  459-461 

sulphate,  247 

sulphide,  247 

sulphocyanate,  2l6 

sulphydrate,  165,  247,  273 

urate,  635-646-^8 

valerianate,  247 
Ampire,  67 
Ampere's  law,  30,  83 
Amygdalin,  214,  436-493 
Amyl  acetate,  379 

alcohol,  351 

nitrite,  379 
Amylene  hydrate,  353 
Amyloid  matter,  513 
Amylopsin,  54S 
A  my  loses,  367 
Amylum,  367 
Anesthetics,  524 
Anhydride,  157 
Analysis,  toxicolc^ical,  190 
Anglesile,  223 
Anhydride,  boric,  281 

carbonic,  208 

chlorous,  151 

hypochlorous,  151 

molybdic,  287 

nitric,  174 

nitrous,  173 

plumbic,  223 

silicic,  218 

sulphuric,  158 

sulphurous,  157 
Anhydrite,  261 
Anilids,  447 
Anilin,  445 

colors,  445 

derivatives,  447 
Animal  synthesis,  536 
Ann.ntto,  521 
Annidalin,  431 
Anode,  65 
Antharobin,  336 
Anthracene,  335 
Anthm-quinone,  335 
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A 

AiittalbumicI,  508 

Arsenic,  pentasulphide,  187                  ^^^^|| 

Antiiirin,  493 

}Kiisoninf;,  188                                  ^^^^^1 

Antifthrin,  447 

tribromidc,  1S6                                ^^^^^| 

Anlimony,  I95 

trichloride,  186                                ^^^^^| 

and  potMS.,  tartrate  of,  198 

^^^^H 

buucr  of.  196,  536 

^^^^1 

clilunde,  196,  526 

Arsine,  1S5                                              ^^^^H 

crricvis  uf,  196 

Asafu-tida,  330                                        ^^^^^| 

glass  (iff  196 

Asaprol,  404                                            ^^^^^| 

hydride,  195 

Asbestos,  267                                       ^^^^H 

»                  oxide,  197,  526 

^^^^H 

oxychloride.  196 

Aseptol,  404                                         ^^^^H 

penlnchlcFride,  196 

Assimilation,  553-569                                   ^H 

pcntasulphidc,  197 

Atmosphere.  163                                           ^^| 

physiological  action  of,  198 

Atomic  weight,  85                                         ^H 

prulochtoritle,  196 

Atomicity,  409                                               ^H 

sulphate,  197 

Atoms,  characteristic  groups  of,  91               ^H 

sulphide,  197 

combining  power,  86                           ^H 

tartr&led,   344 

deftnilion  of,  10-85                           ^^^^| 

(richloridc,  196 

equivalent  of,  87,  91                     ^^^^| 

triokidc,  I97 

Atropin.-e  sulphas,  479                         ^^^^| 

trisulphide,  I96 

Atropine,  479                                          ^^^^H 

vermilion,  197 

Auratcs  257                                         ^^^^H 

wine  of,  526 

Auric,  chloride,  257                             ^^^^^| 

Antipeplonc,  508 

Aurid                                                     ^^^^^^k 

Amipyrin,  450 

Aurous  chloride,  256                            ^^^^H 

Antt&eplics,  166,  550 

257                                     ^^^^H 

Antitoxin,  49I 

Avogadio's           20,  83                        ^^^^H 

Apomorphine,  479,  52$ 

Azurite.  248                                         ^^^^H 

hydrocbloraie,  479 

^^^^^1 

Appendix,  651 

■pACTERIUM  lactis,  417                 ^^^H 
0     Haking  jmwders,  243,  344                  ^^H 

Aqua,  149 

ammonite,  169 

Balsam  copntbvT,  329                            ^^^^^ 

fort,  169 

^^^^H 

chlori,  117 

Balsams,                                                  ^^^^1 

funis,  175 

Bftnds.  dark,  36                                     ^^^^H 

regia,  I76 

Baritc,  267                                          ^^^^1 

Arnhm,  372 

Bariam,                                                ^^^^H 

Arabinose,    358,  37a 

carbonnle,  367                                ^^^^^| 

Arbutin,  493 

chloride,  266                                 ^^^^| 

Archil,  434 

nitrate,  266                                    ^^^H 

Argenlum,  253 

oxide,  266                                    ^^^^H 

Argnl.422 

peroxide,  266                               ^^^^^| 

Argon,  1 13 

physiological  effects  of,  267          ^^^^H 

^              Ari»lol,43i 

snlpbate,  267                                       ^^H 

Ar«mftlic  series,  330 

Barometer.  17                                        ^^^H 

aldehydes,  436 

BoryU,  366                                          ^^^H 

Arsenic,  185,  526 

^^H 

1                      di-sulfihide,  187 

Bases,  artindal  organic,  465              ^^^^^H 

}                    lUioride,  186 

natural  organic,  468                   ^^^^^| 

ioditle.  186 

organic,  465^68                       ^^^^H 

OMJdes,  18S 

pyridin,  465                                ^^^^H 
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Basicity  of  acids,  93,  409 
Bassorin,  372 
Batteries,  care  of,  62 

polarity  of,  62 

stor^e,  63 
Battery,  Bunsea,  60 

Callaud,  61 

Grove,  60 

Leclanch6,  61 
Beef  tea  or  extracts,  573 
Beer,  349 
Belladonna,  529 
Benzaldehyde,  436 
Benzene,  332 

dinitro.  333 

hexacbloride,  331 

nitro,  332 
Benzine,  318 
Benzoates,  437 
Benzoic  aldehyde,  397 
Benzoin,  gum,  330-437 
Benzol,  332 
Benzo-purprin,  580 
Benzosol,  435 
Benzoyl  chloride,  632 
Benzoinol.  319 
Bcrthollet's  laws,  lol,  103 
Beryllium,  257 
Bessemer  steel,  292 
Betol.  335 
Beverages,  349 
Bile,  587.  630 

composition  of,  588 

toxic  effects  of,  588 
Billiary  coloring  matters,  518 

in  urine,  631 
Bilicyanin,  518 
Bilifulvin,  518 
Bilifuscin,  518 
Bilihumin,  518 
BiiiphSein,  518 
Biliprasin,  518 
Bilirubin,  518 

hydro,  518 
Biliverdin,  518,  529 
Bismuth.  I99 

carbonate,  200 

chloiide,  199 

citrate,  183,  201 

nitrate,  200 

oxide,  199 

subcarbonate,  200 


Bismuth,  subgallate,  201 

subnitrate,  200 

peysiological  action  of,  201 

test,  626 

teirts,  201 
Bites,  530 
Bitumen,  318 
Biuret  reaction,  498 
B'ack,  wash,  277 
Blast  furnace,  291 
Bleaching  powder,  259 
Blende,  270 
Blood,  in  COj  poisoning,  211 

crystals,  5 1 6 

dragons,  328 

in  urine,  623,  642,  643 

tests  for,  623 
Blue  stone,  250 

vitriol,  250 
Bodies,  organic,  containing  nitrogen, 

440 
Body,  definition  of,  10 
Boiling  point,  26,  304 
Bone  ash,  262 

black,  203 
Bone  phosphate,  261 
Borax,  234,  281 
Borolgycerid,  2S2 
Boron,  281 

chloride,  2S1 

fluoride,  281 
Brandy,  349 
Braunite,  288 
Brazil  wootl,  521 
Brighton  green,  252 
Brimstone,  153 
British  gum,  369 
Bromelin,  550 
Bromides,  tests  for,  123 
Bromine,  121,  530 
Bromofonn,  342 
Broniol,  431 
Brucine,  480,  529 
Bunsen's  battery,  60 
Burnett's  fluid,  167 
Butane,  316 
Butter,  388,  594 

cacao,  387,  388 

of  antimony,  195 
Butterine,  388 
Butyric  acid,  413 
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pADAVERIN,  488 
V-'      Cadmium,  274 

Camphor,  monobromaled,  325 

^^|! 

salol,  381 

^^^^1 

chloride,  274 

^^^^1 

compoumis  of,  274 

Cane  sugar,  362 

^^^^^1 

hydroxide,  274 

Caniharidin,  327 

^^^^H 

1                     iodide,  274 

Caoutchouc,  332 

^^^^H 

oxide,  274 

Caput  mortuum,  295 

^^^^H 

sulphate,  274 

Caramel,  363 

^^^^H 

sulphide,  274 

Caral,  256 

^^^^H 

1            CaMiuin,  244 

Carbarn  ins,  407 

^^^^^1 

'            Ca6feine,  480 

Carbamid,  456 

^^^^H 

1                     citrate,  480 

Carblnuls,  345,  352 

^^^^M 

Calamine,  270 

Carbohydrates,  357.  555 

^^^^H 

Calcium,  258 

Carbon,  202 

^^^^^1 

brutnide,  258 

amorphous,  203 

^^^^1 

'                     carbide,  261 

and  hydrogen.  30I 

^^^^^1 

carbonale,  262,  541,  636 

and  nitrogen,  213 

^^^^1 

chloride,  258 

qualitative    examination  of,          "^H 

ftulpliidc,  264 

213 

^^^M 

hydroxiJe,  260 

and  oxygen,  207 

^^^^M 

hypochlorite,  259 

and  sulphur,  212 

^^^^H 

hopophospbis,  263 

detection  of,  302 

^^^^M 

iodide,  25S 

dioxide,  164,  530 

^^^^^M 

light,  260 

in  air,  164 

^^^^^B 

oxalate,  263.634 

physiological  effects, 

209           ^1 

oxide,  260 

Carbon  dioxide,  tests  for,  211 

phosphates,  261,  636 

disulphidc,  166,  212 

^^^^^ 

acid.  263 

gas  retort,  206 

^^^^^H 

dicoldum,  262 

monosulphide,  313 

^^^^H 

1                             monocalcium,  36a 

monnxide,  207,  530 

^^^^H 

precipitatus,  261 

nuclei,  309 

^^^^1 

!                             tricalcic,  or  bone,  261 

suboxide,  207 

^^^^^^1 

ph]rsio1of;ical  effects  of,  264 

Carbonates,  2t2 

^^^^^ 

silicate,  260 

Carmine.  521 

^^^^^M 

1                   sulphate,  261,  636 

Camalite,  237 

^^^^U 

Calculi,  analysts  of.  647 

Carnelian,  2I7 

^^^^H 

Calculus,  compound,  647 

Camin,  462 

^^^^H 

fusible,  647 

CaTTatrol.  430 

^^^^^H 

mixed,  647 

ituiidc,  43O 

^^^^H 

t                    mulbcrr)*,  647 

Casein.  504.  593 

^^^^H 

tiiiuplr,  647 

detenuination  of,  60a 

^^^^^1 

Callaud's  battery,  61 

Caseinogcn,  504 

^^^^H 

Calomel.  275 

Caseins,  vegetable,  514 

^^^^H 

Calorie,  29,  555 

Coasitetile,  218 

^^^^^1 

Calorimeter,  556 

Caslorin,  328 

^^^^^1 

Call.  260 

CasU,  blood.  644 

^^^^H 

chlurata,  259 

epiLhctial,  644 

^^^^H 

sulphurata,  264 

falty,  644 

^^^^H 

Camphor.  325 

granular.  644 

^^^^H 

Bomeol  or  Itoroeo,  335 

hyaline,  643 

^^^^H 

1                   common  Japan,  325 
dibroraidc,  325 

mucous  645 

^^^^M 

oil,  644 

^^^M 
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Casts,  renal,  643 

waxy,  645 
Cataphoresis,  70 
Cathode,  65 
Caustic  alkalies,  226 

poisoning,  236 

lunar,  255 

potash,  239 
Caustic  soda,  230 
Celestite,  264 
Cell,  Bunsen's,  60 

galvanic,  theory  of,  57 

Grove's,  60 

Leclanchd,  6 1 
Celluloid,  37  z 
Cellulose,  370 
Cement,  260 
Cerasin,  373 
Cerebrose,  361 
Cerium,  225 

oxalate,  226 
Cerussite,  220,  223 
Chain,  open,  310 

closed,  310 
Chalcocite,  248 
Cbalcopyrite,  248 
Chalk,  262 

prepared,  263 
Charcoal,  203 

animal,  203 

official  preparations  of,  204 

wood,  203 
Charge,  47 
Charles,  law  of,  I9 
Chemical  affinity,  14 

elements,  definition  of,  79 

elements,  table  of,  80 

equations,  100 

notation,  87 

physics,  16 

reactions,  100 

rules  for,  I02 

symbols,  87 
Chemicals,  solubility  of,  662 
Chcmism,  14 
Chemistry,  definition  of,  9 

inorganic,  106 

organic,  301 

physiological  and  clinical,  532 

theoretical,  79 
Chinolin,  467 
Chitin,  513 


Chloral,  397,  528 

acetaldoxime,  399 

acetoxime,  399 

action  on  economy,  398 

alcoholate,  398 

amid,  399,  447 

ammonia,  399 

anhydro-gluco,  399 

benzaldoxime,  399 

butyl,  398 

camphor-oxiroe,  399 

chloroform,  341 

croton,  398 

detection  of  impurities,  342 

foramid,  399 

habit,  398 

hydrate,  397 

iraid,  399,  448 

menthol,  399 

oximes,  399 

uretbane,  399 
Chloraluse,  399 
Chlohydrins,  355 

mono,  355 

di,  355 
Chloric  tetroxide,  151 
Chlorococcus,  589 
Chloride  of  lime,  259 
Chlorides  in  urine,  610 

estimation  of,  61 1 
Chlorine.  n6,  530 

oxides,  150 
Chloroform,  340 

physiological  effects  of,  341 
Chloroform  vapors,  528 
Chlorophyll,  521,  534 
Chlorophyllin,  534 
Cholepyrrhin,  518 
Cholesterin,  588,  590 
Cholin,  444 
Chondrin,  512 
Chromophanes,  519 
Chromates,  286 

toxicology,  287 
Chrome,  alum,  284 

green,  285 

iron,  285 

yellow,  225 
Chromic  anhydride,  285 

chlorides,  285 

oxide,  285 

Irioxide,  255 
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Chromiie,  386 

Colloids,  76                                                  H 

,               Chromium,  285 

Colophene,  321                                                ^| 

L                       oxMes,  285 

Colophony,  329                                           ^H 

sulphates,  386 

Coloring  mailers,  vegeuble,  530               ^H 

'                       toxicology  of,  287 

Colors,  table  of,  t^^                                 ^^^H 

Chromnus  chloride,  3S5 

Combining  jwwer,  85,  86                   ^^^^| 

hydroxide,  2S6 

Combustion,  137                                 ^^^^| 

Cinchona,  482 

143                                    ^^^^H 

Cinchonidiue.  472,  477 

Compound  body,  92                         ^^^^^ 

Cinchonine,  482 

Compounds,  binary,  92                       ^^^^| 

Cinnabar,  374 

Concretions,  urinary,  639                     ^^^^| 

Cttral,  326 

Comlimenis.  573                                  ^^^^H 

Citronellal,  326 

Conductors,  resistance  of,  63                ^^^^H 

Classilication  of  elements,  106 

Congluttn,5l4                                       ^^^H 

Clay,  217 

Coniferin,  493                                     ^^^^| 

CoagulAtion,  496 

Conine,  467,  476                                 ^^^^| 

Coal,  204 

Consiilution,  312                                 ^^^^^H 

anthracite,  204 

Convolvulin,  493                                        ^^^ 

;                       bituminous,  304 

Convulsives,  529                                    ^^J^B 

btown,  204 

Copal,  329                                           ^^^H 

canncl.  304 

Copper,  248                                         ^^^H 

gas.  205 

^^^H 

lignite,  204 

a mmonin- sulphate,  351                ^^^^^ 

tor.  206 

arsenite,                                       ^^^^H 

wood,  204 

basic  acelatea,  251                         ^^^H 

Cobalt,  398 

carbonates,  251                              ^^^H 

compounds  of,  298 

physiological  action,  25a            ^^^^H 

Cobaltic  compounds,  39S 

pigments,  252                                 ^*^^H 

Cobaltoui  coni|X>unds,  298 

poisoning.  253                                         ^M 

chloride,  298 

pyrites,  249                                  ^^^1 

hydiate,  2gS 

^^^^^1 

nttralf,  29B 

Bul])hate.  250                              ^^^^H 

oxide,  298 

Copperas,  293                                  ^^^H 

sul^jliate.  398 

Cordials,  (juieting,  538                        ^^^^H 

sulphide,  29S 

Core,  influence  of,  68                         ^^^^^| 

Cobaltitc,  298 

Corragheen,  373                                 ^^^^| 

Cocaine,  482 

Corrosive  sublinulc,  277                     ^^^^^| 

hydrochl  orate,  482 

Corundum.  282                                     ^^^^H 

Cocculus  Indicus,  528 

Cotton,  gun,  370                                 ^^^^H 

Cochineal,  531 

Coulomb,  58                                          ^^^^H 

Codeine,  474,  478 

Cream  of  tartar,  343.  432                  ^^^^| 

Cohesion,  14 

Creasote,  beechweod,  438                  ^^^^| 

Coil,  induclioa,  66 

Crcatin,  453                                           ^^^H 

Coke,  20J 

Creatinio,  454                                  ^^^^H 

Colchicine,  481 
Colchiceinc,  483 

Creasote.          525                             ^^^H 

carbonate,  428                              ^^^^^| 

Colcothnr.  295 

427                                            ^^^H 

Colic,  painters',  225 

Cresotates,  43o                                     ^^^^B 

Collagen.  512 

Critical  temperature,  309                      ^^^H 

Collodion,  370 

Crocin.  521                                         ^^^H 

flexible.  371 

Crocoisite,  330                                   ^^^^H 

.typlic,  371 

Crocus,  red,  295                                 ^^^^^ 
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Cr)-stal]io,  501 
Crystallization,  75 

water  of,  76 
Crj'stallography,  75 
Crystalloids,  76 
Crystals,  forms  of,  77,  78 

system  of,  ^7 
Culinary  paradox,  26 
Cupric  bromide,  250 

carbonates,  251 

chloride,  249 

compounds,  249,  250 

hydroxide,  250 

oxide,  250 

sulphate,  250 

tetrammonium  sulphate,  351 
Cuprite,  249 
Cuprous  compounds,  249 

chlorides,  249 

iodides,  249 

oxides,  249 

sulphides,  249 
Currents,  extra,  67 

Faradic,  67 

induced,  65 

interrupted,  55,  68 

local,  62 

secondary,  67 

thermo-electric,  70 
Cyanides,  214 

cnm(x>und,  216 

iso,  407 

tests  for,  215 

toxicology,  2x4 
Cyanogen,  213 
Cyclo-hydrocarbons,  330 
Cyclops,  146 
Cystin,  455 
Cymogenc,  318 

DAILY  ration,  table  of,  563 
Dammar,  328 
Daphincu,  146 
Daturin,  480 
Decimal  system,  14 
Decoction,  149 

Definite  proixjrtion,  law  of,  112 
Deliquescent,  77 
Deliriants,  529 
Density,  11 
Deodorizers,  166 
Deoxidatiun.  I12 


Depouts,  crytialHne,  633 

organized,  640 

table  for  analysis  of,  646 
Depressants,  530 
Desmids,  146 
Detritus,  645 
Dew  point,  164 
Dextrin,  369 

in  urine,  629 
Dextrorotatory,  46 
Dextrose,  359 
Diabetes  melhtus,  625 
Diatyser,  75 
Dialysis,  75 
Diamins,  445,  632 
Diamin,  tetramethyl,  489 
Diamond,  202 
Diastase,  543,  543 

pancreatic,  542,  587 
Diazo  reaction,  631 
Dicalcium  phosphate,  262 
Didymium,  38 

t>i«,  554 

tables,  560 

American,  562 

European,  561 

exchange  of  material  in,  570 

proximate  principles  of,  554 
Diffusion,  74 

of  gases,  22 

of  liquids,  74 

Graham's  law  of,  23 
Difonnim,  383 
Digestion,  149.  567,  575 

.  artificial,  567 
Digitalcin,  493 
DigitalJn,  493 
Digitalis,  530 
Digitoxin.  493 
Dihydro- phenols,  432 
Dimorphism,  76 
Dipentine,  321 
Diphcnyl,  333 
Diphtheria  antitoxin,  491 
Dipyridyl,  467 
Disaccharids.  358 
Disinfectant,  Lenande's,  167 
Disinfectants,  166 

commercial,  168 
Distillation,  27,  328 

ilestructive,  27 

fractional,  27 
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Dolomite,  267,  270 

Equivalence,  S7                                       ^^^^H 

Donne's  lest,  624 

91                                       ^^^^1 

j             DonovAn's  solution,  186 

variation  in,  89                             ^^^^H 

Drummond  light,  260 

Erythrin,                                                ^^^^| 

Dualinc,  356 

E^liril^  J5^                                       ^^^1 

Dulcitc,  357 

Esbach's  albuniinometer,  630              ^^^^| 

Dulcilol,  357 

Esculelin,  493                                       ^^^^M 

Dulcose,  357 

Esculin,  493                                         ^^^^1 

Diiretin,  4S5 

Eserine,  4S5                                       ^^^H 

Dynamite,  356 

Essence  of  mirbanc,  445                     ^^^^1 

Essences,  383                                          ^^^^H 

'         t;bonite,332 

C0     Edestin,  515 

382                          ^^^H 

Esters,                                                   ^^^H 

EtllorcKcnce,  77 

Ethane,                                              ^^^H 

Elaslin,  513 

Ether.  373                                             ^^H 

Electrical  charge.  67 

377                                  ^^H 

Current  or  circuit,  55 

^^^H 

induction,  68 

luniiiiiferous,  31                            ^^^^1 

len^ion,  56 

nitrous,                                              ^^^^H 

units,  56 

sulphuric,  375                             ^^^^| 

Electron,  46 

Ethers.  373                                        ^^H 

Electricity,  46,  53 

compound,  374.  376                      ^^^^H 

effects  of,  70,  72 

furmaiion  uf,  374                          ^^^^H 

,                     ejiira  current,  67 

374                                    ^^^H 

1                    friciional,  46 

^^^^H 

}                    michinc,  50 

glyceryl,  383                         ^^^^H 

,                             Toeplcr-Holtz.  50 

of  paraflfine  series,  375                 ^^^^| 

raagnelo,  69 

373                                   ^^H 

resti^tance  of  conductors,  63 

Etfame,  319                                          ^^^^H 

1                    secondary  or  induced  cuitcdIs,  67 

Ethyl  acetate.  377                                  ^^^H 

ihcnno,  70 

alcohol,                                         ^^^^1 

Electrics.  46 

bromide.                                        ^^^^^ 

Electrode*,  65 

butyrate,  379                                   ^^^^H 

ElectnvmcUilurgy  or  plating,  72 

carbamate,  379                               ^^^^^H 

Elcctro-moiive  force,  56 

343                                   ^^^H 

Electro-negative  atom«,  85 

^^^M 

Electro-positive  BtoD»,  86 

mercapiol,  403                              ^^^^| 

Electrolysis,  71 

^^^^H 

Elements,  chemical  definition,  79 

^^^H 

clo&silicatioo,  106 

375                                    ^^^1 

nou-ineUllic«  106 

sulphate,  378                               ^^^^1 

Elemi.  318 

Eucalyplin,  326                                   ^^^^| 

Emery,  83 

Eucftlypfol,  326                                 ^^^H 

Emetics,  524 

Eogenol,  430                                       ^^^^| 

Emulstn,  493.  545 

benzoyl,                                            ^^^^H 

ferment,  54a 

cinnomyl,  431                               ^^^^^| 

Energy.  17 

iodo,                                              ^^^H 

muwniUr,  573 

^^^^H 

Tegetable,  53a 

Eugenol  benioyi,  431                          ^^^^^ 

Eniymcft,  54  a 

£va{ioration,  27                                    ^^^^M 
Exalgin,  448                                        ^^^^| 

Ei'itheliuin  cells,  640 

Epsom  sail.  26*) 

Excretiii,                                                   ^^^^| 

Eijuiitions,  too 
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Extension,  14 
Extract,  Gcmlard's,  224 

pear,  jSi 

pineapple,  382 

strawberry,  382 

FyECES,  589 
Farad,  58 
Fat  in  urine,  630,  638 
Fats,  536 

natural,  383 

melting  poiat  of,  388 

in  human  body,  39a 
Feeding  experiments,  557 
Fehling's  solution,  626 
Feldspar,  282 
Fennent,  acetic  acid,  551 

alcoholic,  346,  550 

butyric,  551 

curdling,  542 

emu'isin,  542 

fibrin,  549 

lactic,  417 

nitrifying,  552 

organized,  542,  550 

pepsin,  585 

soluble,  or  unoigantzed,  542 

urea,  551 
Fermentation,  alcoholic,  346 

butyric,  551 

Iftciic,  551 

putrefactive,  552 
Ferments  in  urine,  632 
Fermentatives,  anti-,  550 
Ferric  alum,  296 

chloride,  295 

compounds,  295 

hydroxide,  295 

with  magnesia,  527 

nitrate,  296 

oxide,  295 

phosphate,  297 

pyrophosphate,  297 

sesquioxide,  295 

sulphates,  295 
Ferricyanides,  217 
Kerrocyanidcs,  216 
Ferrous  carbonate,  294 

chloride,  294 

compounds,  293 

hydroxide,  293 

iodide,  293 


Ferrous  lactate,  294 

oxalate,  294 

oxide,  293 

phosphate,  394 

protosulphide,  294 

saccharated  iodide,  293 

sulphate,  293 

sulphides,  294 

tartrate,  295 
Fibrin,  506,  621 
Fibrinogen,  502 
Fibrinoplastin,  501 
Filters,  silicated  carbon,  147 
Fire  damp,  315 
Flavors,  artificial  fruit,  382 

pear,  382 

pineapple,  382 

strawberry,  382 
Fluid.  Burnett's,  527 

soldering,  527 
Fluorine,  115 
Fluorspar,  115 
Food,  absorption  of,  568 

accessories,  571 

proximate  principles  of,  554 

composition  of  common  564. 

cooking  of,  567 

dynamic  energy  of,  555 

calorific  value,  5^9 
Foods,  digestibility  of,  565 

function  of,  569 

proteid- sparing,  571 
Force,  16 

electro-motive,  $6 
heat,  16 
Forces,  physical,  1 1 

polar,  53 
Formula',  empirical,  88 

graphic,  89 

rational,  89 
Fowler's  solution,  188 
Frauenhofer't  lines,  36 
Fraxin,  493 
Freezing  point,  25 
Fructose,  361 
Fulminates,  347 
Fusel  oil,  351 
Fusing  point,  304 

GALACTOSE,  361 
Cfalbanum,  330 
Galena,  or  galenitc,  220 
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CalUceto-phenone,  437 

Glycerin,  nitro,  355                            ^^^H 

Galvanic  eel ,  theory  of,  54 

Glycerins.  354                                       ^^^H 

ciirrenl,  55 

Glycerinum,  354                                       ^^^^H 

Gamboge,  330 

Glyceryl  irinitrAle,  355                          ^^^H 

Gas,  accidental  in  air,  165 

Glycocin,  452                                         ^^^H 

air,  206 

Glycogen,  369                                       ^^^| 

coal,  205 

(Glycol.  353                                          ^^H 

coinpo4tlion  of,  207 

Glycusuria,  625                                         i^^^^f 

illunitnating.  205,  530 

Glycyrrhetin,  493                                       ^^^^| 

marsh,  315 

Gtycyrrhizln,  493                                   ^^^^| 
GmeliQ'&  test,  ujo                                 ^^^^H 

natural,  315 

oletianl,  319 

Gdd,  256                                               ^^H 

water,  206 

trichloride.  257                              ^^^H 

Gaseous,  state,  26 

Goulard's  extract,  224                             ^^^^H 

Gases,  coiulitution  of,  20 

Graham's  law  of  diffuMon,  23              ^^^^| 

diffu.Nion  of,  22 

Gramme,  definition,  15                        ^^^^H 

poisonous,  5>4,  530 

Grape  sugar.  363                                      ^^^H 

tension  of,  17 

^^^H 

Gasoline,  206 

Gravilatiun,  debnition  of,  11                 ^^^H 

(iasometer,  206 

law        1 1                                        ^^^H 

Gastric  juice,  acidity  of,  579 

Gravities,  specific,  Uble  of,  660           ^^^H 

action  of,  579 

Gravity,  flask,  13                                 ^^^H 

analysis  of,  578 

ftpectlic.  1 1                                       ^^^H 

clinical  examination  of,  579 

Green,  Brighton,  253                             ^^^H 

Gelatin,  512 

itrunswick,  252                                ^^^^| 

Gelatinoids,  500,  512 

252                                      ^^^^H 

Geraniol,  326 

^^^H 

Gennanium,  218 

mountain,  252                                  ^^^^H 

Germicides.  166 

Neuwiedcr,  252                             ^^^^| 

Giant  powder,  355 

^^^H 

Gloss.  2 18 

Scbwcinfurt,  25 1                              ^^^^H 

soluble  or  water,  218 

252                                     ^^^H 

Glauber*5  salt,  330 

Greenock  ite.  274                                   ^^^^| 

Gliadin,  515 

Guaico  benzoyl,  435                              ^^^^H 

Globin,  503 

carbonate,  434                                  ^^^^H 

Globulin,  501.  593,  620 

iodide,  434                                    ^^^M 

cell,  502 

434                          ^^^H 

para,  501 

Guaiacum,  329                                         ^^^^H 

plant,  514 

Guanidin,                                               ^^^H 

serum,  501,  620 

Guanin,                                                       ^^^^H 

Globulin^  501 

Guaranine,  481                                         j^^^^H 

Gluco  proteids,  5(0 

Gum  acacia,  372                                    ^^^^H 

Glucose,  359 

Arabic.                                               ^^^^| 

detection  in  urine,  625 

bas»orin,                                            ^^^H 

cstimaiiun  of,  627 

benzoin,  33a                                  ^^^H 

le-u  for,  625 

Itrittsh.  369                                    ^^^^H 

Glucoses,  359 

339                              ^^H 

Glucwidcs,  49J 

resins,                                             ^^^^H 

Glue.  512 

Senegal,  372                                  ^^^H 

Gluten,  515    ' 

ifagacaoLh,  373                               ^^H 

fibrin,  515 

Gums,  327                                             ^^^H 

Glycerin,  354 

371                                ^^^H 
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Gun  cotton,  370 
powder,  241 
Gutta-percha,  322 
Gypsum,  261 

Hz-EMATIN,  st6 
hjrdrachloride,  516 
HactnullLe,  291 
Hrcmatoidin,  jlS 
Hxniatoporpliyrin,  518 
HLema(una,  623 
Hicmin,  crystals,  516,  624 
HrcmochromngcDi  517 
HsemocyanlD,  5 1 7 
HLxnioglnbirt,  517 
J  Lvmui^lulriLnuria,,  613 
liit-Tiioglobinomtter  517 

ll&logen  elementSi,  iS6 
Haloid  dtrivative^^  339 
HausniAnnite,  288 
Heat,  24 

latent,  28 

mechanical  equivalent,  35 

sensible,  30 

specific,  29 
Heavy  spar,  267 
Hellebiirein,  494 
Helleborin,  494 
Hematoxylon,  521 
Hemipeptone,  508 
Henry,  58 
Hcpio^es,  35^^ 
HelcroxanLhin,  461 
Hexobioses,  358 
Hexoses,  358 
Hislozyoa,  542,  549 
Homologous  scries,  310 
Hornblende,  268 
Hydrates,  87,  94 
Hydra^in,  44S 

acetyl-phenyl,  449 

ethyl,  448 

phenyl,  449 
Hydrazones,  394,  449 
Hydrobilirubin,  519 
Hydrocarbons,  165 

benzene,  330 

nomenclature  of,  314 

homol(^ous  series  of,  310 

nitro-dcrivaiives,  405 


Hydrocarbons,  radicab,  90 
eyaiitdes  of^    406 

sylphur-*ierivaUvc»,  403 
Hydrogen,  ilo.  537 

alcohoUci  409 

ammioniuin  carbonate,  540 

and  nitrc^en,  169 

and  oxygen,  I30 

ftntimuniurelcd,  195 

arsenide,  186 

arsenturetted,  186 

basic,  93 

bromide,  122 

chloride,  1 18 

disodium  phosphate,  233 

fluoride,  115 

nascent,  113 

oxide,  130 

peroxide.  I49f  538 

phosphureted,  iHo 

sodium  carbonate,  233 
phosphate,  233 

sulphate,  158 

sulphureted,  155,  530 
Hydrometer,  597,  598 

Twaddell,  13 
Hydro  {wtassium,  carbonate^  242 
oxalate,  243 
sulphate,  243 
tartrate,243 
Hydroquinone,  433 
Hyilro-sodiiini  sulphate,  230 
liyflroxidct  94 
Hydrojfylamin,  442 
Hygroscopic,  77 

h)  drobromate,  483 
Hyascyjimlnc,  4SJ; 

hydrobromate,  483 

sulphate,  4S3 
Hypnal,  399 
Hyponitrous  oxide,  171 
Hyj>osthenisants,  528 
Hyposthesis,  definition  of,  9 
Hypoxanthin,  461 

TCE,  133 
X     Ichthyol,  405 
illuminating  gas,  530 
Imids,   441  • 

Iniid,  benzoyl-sulphoiiic,  405 
Inconipatibles,  530 


Jf 

.  ^ 

1 

India  nibbcr,  322 

Jewelers*  louge,  295 

H 

Indican.  463,  494.  607 

Joule,  5K 

^1 

Indigo,  464.  639 

^1 

carmine,  404 

■jy-AIRIN,  468 
IV     Kaliuni,  236 

^^1 

test,  636 

^^1 

Indiglucin,  494 

Kephir.  364 

^1 

Indul,  462 

Keratin,  513 

^^1 

mt-lliyl,  463 

Kemies'  mmerai,  197 

^H 

Induction,  coil,  66 

Kerosene,  318 

^^1 

electrical,  48 

Ketones,  400 

^1 

Inebrianls,  528 

aromatic,  437 

^H 

Inertia,  14 

di  methyl,  401 

^H 

Infusion,  149 

diphenyl.  437 

^H 

Inusiie.  361 

ethyl  methyl,  401 

^H 

Invert  suijar.  363 

phcnyl-etliyl,  437 

^H 

Invertin,  542,  549 

phenyl-propyl,  437 

^H 

loJinc,  123,527 

Ketone  Group,  361 

^^H 

compound  sujution,  124 

Keto.-»es,  358 

^1 

oxides,  152 

Kumyss,  364 

^H 

lodofurm,  343 

^^H 

lodol,  466 

T   ABARRAQUE'S  solution,  234 
X^     I^bdanum,  328 

^M 

Iridium.  290 

^^1 

Iran.  291.  541 

Lac -dye.  328 

^H 

ammonio  cilnile,  296 

Lac  sulphurise  154 

^H 

and  itmmon.  tartrate.  297 

I-actiillmrain,  593 

^^1 

and  jfotass.  tartrate.  297 

Laclomeler,  13,  597 

^H 

and  quinine  citrate,  297 

Lactosaionc,  phenyl,  364 

^H 

aiul  !»trycli.  cilrole,  297 

Lactoscope,  597 

^1 

cast,  391 

Lwrtose,  364 

^^1 

chrome,  285 

in  milk,  592,  594 

^H 

cilrales,  296 

in  urine,  6^9 

^H 

oxiJes,  293 

lAmp-ljlack,  203 

^H 

^»ereulphate,  527 

LaiiA  philosophica,  272 

^H 

phosphates,  294,  297 

Lapis  infemalis.  255 

^1 

pig,  29^ 

Lardacein,  500.  513 
Laudanum,  528 

^^1 

proto^ulphale,  293 

^^1 

pyropbojkphate,  297 

I,aui5hiun  gas,  171 

^H 

scale  comixmnds  of,  296 

Laurent's  polarimeter,  43 

^H 

6t]|pli.ttes,  293,  295 

Law  of  Ampere,  20,  82 
Avogadro,  2  J,  Hi 

^H 

tartrates.  295.  297 

^H 

wrought,  292 

Brrth'illet.  101 

^^1 

Isologous  scne*,  3II 

Charles,  19 

^H 

Iso-mjltosc,  ,^65 

detiaite  proportiuos,  122 

^1 

Isomeric  bodies,  312 

Graham's,  23 

^^H 

Isomerism,  311 

Mariotte,  I8 

^H 

Irritant  (loisons,  526 

Olim's.  64 
jjencidic,  107 
Leaching,  149 

1 

T  A  LAP.  328 
J      Jalapin,  493 

Lead,  220.  527 

^1 

acetates,  224 

^H 

jca>lein.  386 
Je<|uiriiy,  490 

binoxide,  322 
black,  202 

1 
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Lead  carbonate,  323 

chloTids,23X 

chromaie,  324 

dioxide,  222 

iodide,  222 

nitrate,  223 

oxides,  222 

peroxide,  223 

plaster,  221,  394 

[Hrotoxide,  222 

-puce  oxide,  222 

physiological  action,  225 

red,  223 

sugar  of,  224»  3*2,  527 

sulphate,  233 

sulphide,  234 

white,  233,  537 
L«»Ain,  355 
Legumin,  514 
Lipidolite,  227 
Lencin,  454.  638 
Leucomaines,  491 

creatinin  group,  492 

xanthin  group,  49I 
Leucosin,  515 
I^vulose,  361 
Lieben's  test,  639 
Light,  31 

chemical  effects  of,  38 

color  and  inleosity  of,  33 

double  refraction  of,  42 

polarization  of,  39 

transmission  of,  32 
Lignin,  371 
Lime,  260 

chloride  of,  259 

chlorinated,  259 

milk  of,  261 

slaked,  260 

stone,  358 

superphosphate  of,  262 

water,  260 
Limonite,  291 
Linalool,  325 
Liniment,  saponis,  325 
Lipaciduria,  630 
Lipochrin,  519 
Liquid  state,  17 
Liquor,  149 

acidi  arsenosi,  188 

ammon.  acetatis,  247 

arsenti  et  hydrarg.  iodidi,  1S6 


Liquor  calds,  260 

calcis  saccharalus,  261 

ferri  chloridi,  295 

nitratis,  149,  296 
perchloridi,  395 
pemitratis,  396 
sufasulphatis,  296 
tersulphatis,  296 
Liquor,  mother,  76 

plumbi  subaMtatis,  I49,  234 

potassie,  239 

potass,  arsenitls  x88 

specific  gravity  of,  16 

sodse,  230 

sodii  arsenatis,  188 
chloratae,  334 
Liquorice  sugar,  493 
Liquors,  distilled,  349 

fermented,  349 

malt,  349 
Litharge,  222 

Lithic  acid  (uric  acid),  458 
Lithium,  226 

benzoate,  227 

bromide,  227 

carbonate,  227 

citrate,  227 

chloride,  226 

oxide,  227 

salicylate,  227 
Litmus,  520 
Liter,  15 

Liver  of  sulphur,  243 
Lixiviation,  I49 
Lobelia,  530 
Lobeline,  476 
Logwood,  521 
Lugol's  solution,  124 
Lunar  caustic,  255.  527 
Lysol,  429 

MACERATION,  149 
Madder,  artificial,  335 
Magnesia,  268 

alba,  270 

calcined,  268 

hydrated,  269 

milk  of,  269 
Magnesite,  270 
Magnesium,  267,  539 

carbonates,  270 

chloride,  268 
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Mflgn&uum  cilrole,  270 

Melting  point,  25                              ^^^H 

hydroxide,  269 

Menthol,                                                ^^^H 

oxide,  268 

Mercaplau.                                                ^^^^H 

phosphates.  269,  636 

Mercaptal,  403                                         ^^^H 

sulphate,  26g 

Mcrcaptid,  403                                         ^^^^| 

Magnetic  needle,  51 

Merca|4ul.  403                                         j^^^^| 

Magnclism,50,  73 

Mercurial  Lrcmors,  3?o                         ^^^^| 

theory  of,  53 

Mcrcur-omidogen  chloride,  276          ^^^^| 

Magnetite.  2S9, 

Hininoniuin  chloride,  278               ^^^^H 

Magneto-electricity,  69 

Mercuric  chloride,  277                        ^^^H 

Magoets.  electro,  57 

compounds,  377                           ^^^H 

properties  of,  50 

^^^H 

poles  of,  5 1 

nitrate,                                              ^^^^H 

Malachite.  351 

sulphute,  279                                 ^^^^H 

Malt  extract,  544 

sul),htdc,  280                                   ^^^H 

diastolic  value  of,  544 

Mercurous  chloride,  275                      ^^^^H 

MaUiii,  543 

conipotmds,  375                              ^^^^| 

Mallo»a2onephenyl,  365 

^^^H 

Maltose,  365 

277                                       ^^^H 

Mangauates,  2S8 

sulphate,                                           ^^^^M 

Mangrincse,  288 

Mercury,  274                                       ^^^H 

hlack  oxides.  2S9 

aromoniated,  378                          ^^^^H 

Man({:iiiic  cairi|^>oufKls,  389 

fulniinaie  uf,  407                             ^^^^| 

Mant^anile,  288 

phy.siologicnl  action,  2S0              ^^^H 

Manganous  carbonate,  aSg 

^^^H 

chloride,  289 

MetaltuliMD,  554                                   ^^^H 

compounds,  288 

Metatdchyde,  396                                ^^H 
Metalloids,  106                                  ^^H 

hydroxide,  38S 

oxide.  288 

MeUls.  106                                          ^^^H 

sulphate,  289 

^^^H 

sulphide,  2S9 

of  the  alkaline  tfarths,  357           ^^^H 
of  group       320                               ^^^^1 

Manna,  356 

dulciie,3S7 

group  11,  267                          ^^^M 

Mannilc,  356 

group  III,  s8l                      ^^^H 

Mannitol.  356 

group  V,  284                          ^^^^H 

Mannitose,  357 
Mannoae,  3C0 

gioup  V  .  385                        ^^^H 

group  Vll,  3^8                       ^^^B 

Marble,  362 

group  VIU,  290                     ^^^H 

Mariollc,  law  of*  18 

platinum,  299                                ^^^H 

Mut^h  giu.  315 

Mclaralitn,  372                                        ^^^^H 

Mass,  definition  of,  iu 

14                                                  ^^^1 

Massicot,  232 

Mcthitmoglobin.  5 1 7                            ^^^H 

Mastic,  339 

Methane,  315. 340                               ^^^B 

Matter,  delinilion  of,  9 

tnonu-chlor,  340                          ^^^^| 

divisions  of,  10 

trichlor.  340                                 ^^^^| 

radiant,  21 

Methyl  alcohol,  34$                            ^^H 

thrrc  states  of,  1 6 

^^^^H 

Maunien^'s  te«t.  390 

bromide,  340.  342                      ^^^H 

Me.i»urc>,  table  of,  657 

340                              ^^^H 

Mcrn.vhaum,  368 

375                                     •^^^H 

Melanin,  530 

glycocol.  453                                ^^^M 

Melanogen,  520 

guanidin,  462                               ^^^^1 
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Methyl  iodide,  340 
nitrate^  377 
oxide,  375 
oxyquinolin,  467 
pyridin,  468 
pyrocatechin,  434 
-prophyl- phenol,  326 
quinolin,  46S 
salicylate,  377 
Methylal,  400 
Metric  system,  14 

use  in  prescriptions,  16 
Mica,  2S2 
Microziroas,  549 
MilH-amp^re,  57 
Milltampiire-ineter,  58 
Milk,  analyses  of,  592 
composition  of,  592 
modi  tied,  595 
of  lime,  261 
of  magnesia,  369 
standards,  6of 

sterilized  or  Pasteurized,  594 
sugar  (lactose),  361-594-629 
Minciererus,  spirit  of,  247 
Mineral  green,  252 

waters,  148 
Minium,  222 
Mltis  green,  251 
Mobility,  11 
Molasses,  363 
Molecular  attraction,  [4 

weights,  82,  84 
Molecules,  10,  79 

and  atoms,  multiplication  of,  88 
composition  of,  312 
comiwund,  79,9a 
constitution,  312 
definition  of,  79 
elemental,  79 
number  of  atoms  in,  83 
salt,  94 

size  and  weight  of,  21 
ternary,  93 
Molybdenite,  287 
Molybdenum,  2S7 
Molybdic  trioxidc,  287 
Monocalcium,  phosphate,  262 
Monojiotassium  sulphate,  243 
Monacetin,  383 
Monoformin,  383 
Monosaccharids,  358 


Monosodiom  pbosf^uue,  333 
Monsel's  solution,  296 
Morphine,  484,  528 
Mortar,  260 

hydraulic,  260 
Motibty  of  stomuh,  585 
Mountain  green,  5a 
Mucilage,  vegeUble,  373 
Mucin,  510,  622 
Mucinoids,  511 
Mucoids,  511 
Murexid,  461 
Muscarin,  444 
Mustard,  525 

Mycoderma  aceti,4ii,  551 
Myobscnutin,  518 
Myosin,  502 

plant,  514 
Myosinogin,  503 
Myrosin,  542,  545 
Myrrh,  330 
Mytilotoxin,  489 

NAPHTHA,  332 
Naphthaline,  334 
Naphthol,  334 

salicylaie,  335 
Xjrceine,  477 
Narcotics,  528 
Narcotine,  477 
Nascent  state,  113 
Natrium,  227 

Natural  science,  definitien  of,  o 
Neurin,  444,  489 
Neurotics,  5  28 
Neutrals,  93 
Neuwieder  green,  252 
Niccolite,  297 
Nickel,  297 

compounds,  298 

glance,  298 
Nickelous  cyanide,  298 

hydroxide,  29S 

sulphate,  298 

sulphide,  298 
Nicotine,  476 
Nitrates,  14I 
Nitre,  240 

sweet  spirits  of,  378 
Nitric  anhydride,  174 

oxide,  172 
Nitrils,  440 
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NitriU,  I50-,  407 

OU,  fusel,  351                                         ■ 

H 

Niirites,  141. 173 

j.inij»cr.  323                                    H 
lemon,  323                                      ^M 

^^1 

Nilru  benzene^  528 

^^^1 

Nilro-cihaiie,  378 

linseed,  386                                    ■ 

^^1 

NiiiTj  Klyccrine,  355 

mineral  sperm,  318                          ^H 

^^1 

NilroKcn,  162,  303,  537 

neat's-fool,  387                               ^* 

^^H 

antHiydmgcn,  169 

oUtc,  384 

^H 

assimilation  of,  534 

ofange  peel,  523 

^^H 

chloiide,  170 

palm,  3S7                                        m 

^^1 

dioxide,  172,  174 

peanut,  3S5                                         ^ 

^^1 

Nitrogen  group,  161 

pear.  353 

^^H 

'                   iodide,  171 

P«|i[»r,  32J 

^H 

1                    monoxide,  I71 

sesame,  or  teel,  385                           H 

^^^1 

'                    peroiide,  1 74 

Oils,  essential,  333                                 ^M 

^^1 

1                  protoxide,  171 

drying  or  siccative,  384                 ^^ 

^^H 

tetroxidc,  174 

fixed.  383 

^^1 

Ni(rosile5,  320 

lubricating,  318 

^^H 

Niuous  aoiiydridc,  173 

non-volatile.  384                                fl 

^^1 

fatDcs,  530 

sweet  principle  of,  354                     ( 

^^1 

hypo-oxide,  171 

Olefines,  3I9 

^^H 

}                   oxide,  171.  528 

Olein,  384 

^^1 

'            NoiucDclalure,  95 

Oleomargariu,  388 

^1 

t                    examples  of,  95 

Oleojrtenes.  323 

^^1 

irreguUrilies  in,  99 

Oleorestns,  339                                        ^ 

^^H 

of  homologous  hydrocarbons,  314 

Oliver's  lest  for  biliary  actds,  631            fl 

^^1 

rule  for,  95 

Opium,  4S3,  528                                      ■ 

^^1 

&iniplincd.  97 

Orcin,  434                                            ■ 

^^H 

Non  metallic  etcmenU,  1 14,  l6t 

Orcinol,  434                                               ■ 

^^1 

Nonoscs,  358 

Organic   Ixxlies  containing  nitragen. 

^^1 

NuL'teo  albumins,  499,  5 1  ( 

440 

^^H 

'            Nuclcin.  511 

chemistry,  definition  of,  301              ■ 

^^M 

Nutrition.  553 

compounds,  synlhcsii  of,  337           fl 

^^M 

.           Nux  vomica,  539 

radicals,  313                                        fl 
disease  producing,  553                     ^M 

H 

/^CCLUSION.  it2 
\J     Ocloics,  358 

Organic  compounds,  301                         ^| 
action  ul  reagents  on,  337 

^^1 

^^1 

Dhra,  56 

consiiiution  of,  307 

^^1 

internal  ion  il,  58 

nomenclature  of,  313 

^H 

1           Ohm's  law,  64 

((ualitnlive  examination  of,  30a 

^^1 

'           OMium  albicaMs,  551 

Organisms  in  water,  146                          ^m 

^^^1 

Oil.  almond,  3S4 

(>rptrnent,  1S5                                            ^M 

^^1 

1                  ■PPlc.  353 

Osft/oncs,  359, 449                                    H 

^^1 

benne,  385 

Osmium,  300                                              ^M 

^^H 

of  bergamot,  333 

tciroxidc,  300                                  H 

^^1 

cn«,tor,  386 

f>«raosi*,  75 

^^H 

cinnamon,  333 

Ossein,  512 

^^1 

of  cloven,  ^2;^ 

Oxaluria,  635 

^H 

cod-liver,  385 

Oxidation,  127 

^^1 

collonsced.  385 

Oximcs,  394                                            ^m 

^^1 

croton,  387 

Oxygen.  125                                         ■ 

^^1 

of  cubcb$,323 

Oxyhemoglobins,  515                             ^1 

^^1 

elemi,  32S 

'^^'-  1 

1 
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Ozocerite,  318 
Ozone,  129 

PALLADIUM,  290 
Palmitin,  383 
yancreatic  extracts,  544 

diastatic  value  of,  544 
juice,  586 
Papain,  526,  549 
Papaverine,  477 
Para  Cresol,  428 
Para  Cresol  t>enzoat,  428 
Paradox,  culinary,  26 
Paraffin,  314,  317 

meso,  317 

neo,  317 

normal,  317 
Paraxanthin,  461 
Paraxglobulin,  501,  620 
Paraldehyde,  396 
Parchment  paper,  160,  371 
Paregoric,  528 
Paris  green,  251 
Pearla-sh,  241 
Peat,  204 
Peclin,  373 
PentabiuscH,  358 
Pentoses,  357,  358 
Pepsin,  542,  545 
Peptone,  621 

hemi  and  anti,  508 

tests  for,  62 1 
Peptones,  509,  514 

in  urine,  622 
Permanganates,  290 
Petrolatum,  318.  319 
Petroleum  distillation.  317 
Pettenkofer's  test,  465 
Phenacetin,  449 
Phenanthrene,  336 
Phenates,  427 
Phcnazone,  450 
Phenol,  425,  426 

di-hydro,  432,  433 

di-roethyl,  430 

mono-brom,  431 

mono-chlor,  431 

triatomic,  435 

Iri-brom,  431 

Iri-nitro,  431 
Phenylamins,  445 
Phenyl  glucosazone,  360 


Phenyl  hydrazin,449 
Phloretin,  494 
Phlorizin,  494 
I^lorogludn,  435 
Phosphates,  earthy,  54l-6ia 
Phospho-tungstic  acid,  621 
I'hosphin,  iw 
l*hosphurus,  177.  304,  527 

oxides,  iSl 

oxychloride,  181 

pentoxide,  183 

physiolc^cal  action,  179 

red,  178 

trichloride,  181 
Phosphorus^irioxide,  181 
rhycite,  356 
Physical  forces,  11 

science,  definition  of,  9 
Physician,  duty  of,  in  poisoning,  i 
Physics,  9 

chemical,  16 
Physostigmine,  484 
Halyn,  548 
Picnomcter,  13 
Hcolins,  467 
Hcrotoxine,  484 
Pigments,  animal,  515 

biliary,  515 

blood,  515 

urinary,  519 
Pilocarpine,  484 
PInene,  321 
Piperine,  4S4 
Piturine,  476 
Hpcridine,  467,  476 
PIaster-of-I*aris,  261 

lead,  394 
Platinum,  299 

compounds,  299 

metals,  299 

sponge,  299 

tetrachloride,  299 
Plumbago,  202 
Plum  bales,  223 
Plumbic  anhydride,  222 
Plumboso-plumbic  oxide,  32a 
Plummer's  pills,  197 
Podojihyllin,  328 
Poisonous  foods,  528 

gases,  524 
Poisons  and  their  antidotes,  190 

corrosive,  523,  525 
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Foi-sons,  deliriant,  529 

emetic,  527 
Poison,  rat,  527 
Pcusoas,  irritant, 526 

neurotic,  528 

»ei>lic,  524 
Folarimcter,  [^urent's,  43 
Polarity  of  atoms,  S5 

of  tlic  clctnentjf  of  batteries,  62 
Polmriscuiw,  4j 
Polari/ation  of  plates,  63 

plane  of,  43 

roCatKMi  off  43 
Poles,  51 
Polychroitc,  494 
Polymcrism,  311 
Polysaccharids,  358 
Populin,  494 
Potash,  239 

binoxalale  of,  243 

by  lime,  239 

neutral  tartrate,  343 

red  cliromale,  286 

red  prussiate,  217 

yellow  prussimte,  213,  216 
Potasaa,  239 
Potassium,  201,  336 

acetate,  243 

ftDtimonyl  taitrole,  344 

orsenite,  188 

bicarbonate,  243 

bichroDuite,  536 

bromide,  238 

carbonate,  341,  243 

chlorate,  239 

chloride,  237,  539 

chromate,  2S6 

chrome  alum,  284 

cyanide,  23S,  $28 

dichiumate,  386 

fcrricyanide,  217 

ferrocyonide,  216,  374 

fluoride,  3jS 

haloid  salts  of,  237 

hydrate,  or  hydroxide,  339 

hypochlorite,  240 

iodide,  201,  338 

mangonate,  390 

mercuric  iod.,  619 

nitrate,  340 

oxalates,  343 

oxide,  238 
60 


Potossiuni  pcntasulphide,  242 

percblorate,  240 

perniaiigDiiale,  290 

plumhate,  233 

quadroxaiate,  243 

sulphates,  242 

sulphides,  243 

sulphites,  343 

tartrates,  243 
Potato  i^pirit,  351 
Potential,  49 
Powder,  of  algarotb,  196 

putty,  220 
Power,  eleclricol  hone,  57 

rotatory,  45 

the  specific,  45 
Pressure,  standard  of,  I9 
Prism,  Nicol,  42 
Prope^Hones,  621 
Propylamin,  443 
Protagon,  355 
Pioteids,  490*  495'  53^ 

clossiti  cation  of,  498 

coagulated,   499 

compound,  499,  510 

poisonouit,  490 
Proteoses,  507 
Prussian  blue,  217 
Prutstc  acid,  213 
Pftcudomorphine,  478 
I'tomaines,  4S5 

in  urine,  633 

physiological  action,  48S 
Plyalin,  542,  576 
Purple  of  Cauiui,  357 
Ihis  in  urine,  634 
I*yalin,  586 
Putrcscin,489 
Pyrclhnira,   328 
I^ridin,  467 
F^rocatechin,  433 
PyrogttUin.  435 
Pyrogallol,  435 
Pynigallupyrin,  451 
I^rolusite,  288 
Pyromorphite,  330 
Pyroxylin.  255,  370 
Pyrrol,  467 

QUARTZ,  217 
Quercitannic  add,  496 
t^uercitrin,  495 
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Quieting  cordials,  538 
Quinictne,  482 
Quinidine,  482 
(Quinine,  482 

acid  sulphate,  482 

bisulphate,  482 

hydrubromate,  482 

hydrochlorate,  4S2 

sulphates,  482 

valerianate,  482 
Quinolin,  467 

bases,  467 

RADICALS,  90 
compoun't,  90 

organic,  313 
Radiometer,  21 
Raoke's  diet,  560 

Ray,  ordinary  and  extraordinary,  42 
Reactions,  100 

tules  for  writing,  102 

synthetical,  337 
Reagent,  detinition  of,  lOO 

Uarloed's,  362 

nragcndorifs,  472 

Frolide's,  472 

Mariie's.,  471 

Mayer's,  471 

Nessler's,  144 

Sonnenschein's,  471 

Wagner's,  471 
Reagents,  action  of,  337 
Realgar,  187 
Red  cnicus,  295 
Reduction,  112 
Reinsch's  test.  191 
Rend-rock,  355 
Rennet,  548 
Rennin,  $48 
Resin  soap,  329 
Resins,  323,  328,  329 

fossil,  329 

gum,  328,  330 

oleo,  327,  329 

separation  of,  328 
Resopyrin,  451 
Rcsorcin,  433 

ptyalin,433 

physiological  action  of,  453 
Resorcinol,  433 
Rhamno-hexite,  356,  357 
Rhu'adine,  470 


Rheophores,  65 
Rhigolene,  318 
Rhodium,  390 
Rhodocbro^tc,  3S8 
Rhombohcdra,  234 
Roberts'  test,  619 
Rochelle  salt,  344 
Rotation,  5i}eci6c,  45 
Rouge,  jewellers',  295 
Rosin,  329 
Rottlerin,  328 
Rubidium,  244 

ammonium-briKnide,  245 

iodide,  245 
Ruby,  282 
Rum,  349 
Rust,  292 
Ruthenium,  290 

SACCHARATES,  363 
Saccharids,  357 

classification,  358 
Saccharimeters,  43 
Saccharin,  405 

Saccharomycetes  albicans,  551 
Saccharoses,  359 
Saccharum  lactis,  361 
Saffron,  521 
^alacetol,  380 
Sal  ammoniac,  245 

volatile,  246 
Saleratus,  242 
Salicin,  439,  495 
Salicylates,  439 

phenyl,  380 
Saligenin,  436 
Saliva,  composition  of,  576 

uses  of,  077 
Salol,  366,  585 
Salophen,  381 
Salt,  common,  228,  525 

Kpsom,  269 

Glauber's,  230 

of  lemon,  243 

of  Saturn,  224 

of  sorrel,  243 

of  tartar,  241 

Rochelle,  244,  422 
Saltpetre,  240 

Chili,  234 
Salts,  94 

acid,  94,  182 
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1 

Salts,  basic  ur  sub',  95 

Sioitbsonite,  270 

_^J 

dnulile,  94,  1S3 

Soaps,  393 

^^^H 

ferric,  99 

green,  393 

^^^^H 

ferrous,  99 

lead,  394 

^^^H 

roetallic.  527.  5J9 

resin,  329.  393 

^^^H 

nurmal,  94,  182 

sapo  mollis,  394 

^^^H 

copper,  5^7 

viridis.  393 

^^^^H 

Santonin,  495 

soft.  394 

^^^^H 

Saponificaiion,  354,  377 

white  Castile,  or  Sopo,  393 

^1 

Saponin,  495 

Soapstone,  2O8 

^^^^M 

Sapphire,  283 

Soda,  230 

^^^H 

Sarcusin,  453 

ash,  232 

^^^H 

Saturated  Mlution,  74 

process,  232 

^^^^H 

Scale  compound:^  of  iron,  296 

blackball.  232 

^^^^1 

Scales,  thermometric,  30 

caustic,  330 

^^^^^H 

Schecle's  green,  188,  251 

lye,  23J 

^^^H 

Schulile,  287 

sal,  231 

^^^H 

Schweinfun  green,  251 

washing,  33 1 

^^^H 

Science,  dcluiition  of,  9 

water,  209 

^^^^H 

natural,  9 

Sodii,  arscnas,  235 

^^^^H 

physical,  9 

sulphocarbollt,  440 

^^^H 

Scopahus^  476 

Sodium,  201,  227 

j^^^^l 

Selenium,  Ibi 

benaoate.  235 

^^^^H 

Series  homologous.  311 

bicarbonate,  233 

^^^^1 

isologous,  311 

bisulpbflte,  230 

^^^^M 

Scrolin,  591 

bisulphite.  231 

^^^^M 

Scritcnline,  268 

borates,  234 

^^^^H 

Serpents,  Tharaoh's,  ai6 

bromide,  229 

^^^^1 

Serum,  protective,  491 

carbonate,  231 

^^^^1 

Sbcll-lac,  328 

chlorate,  235 

^^^^1 

Sidcrite,  391 

chloride,  32!^,  539 

^^^^1 

Silica.  541 

crcsotale,  430 

^^^^H 

Silicates,  218 

hydrate,  230 

^^^^1 

Silicic  anhydride,  218 

hydroxide,  230 

^^^^1 

hydride,  217 

hypobromitc,  151 

^^^H 

oxide,  318 

hpyochlorite,  234 

jUJ^t 

Silicium.  317 

hyposulphite,  231 

FT^H 

Silicon,  amorphous,  217 

iodide,  229 

*  .^1 

cryMalli/ed,  317 

sulphate,  231 

^^^M 

graphitic,  317 

nitrate,  334 

i^^^^M 

Silver,  253 

oxides,  2^9 

^^^^1 

bromide,  354 

peroxide.  329 

^^^H 

chloride,  254 

phosphates,  233 

^^^H 

cyanide,  355 

potassium  laitrale,  344 

^^^H 

riiltniiiatc,  347 

pyroborate,  334 

^^^H 

iiKlidc,  254 

pyrophosphate,  233 

^^^H 

nitrate.  2541  5*7 

salts,  physiological  action  of. 

'3$        ■ 

oxides,  254 

sulphates,  230 

saliA  in  plioto(*i«phy,  2$$ 

sulphite,  231                     , 

H 

Skalol,  464 

tetraborate,  234 

^^^^B 

Slag,  392 

ihiosulphale.  231 

^^^^H 

Sniatiitc,  398 

tungstate,  288.  619 

J 
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Solanine,  494 
Solid  stale,  17 
Solution,  73,  74 

FchUn^*s,  251 

Lugol*s,  124 

Monsel's,  296 

of  gESCS,  73 
Solveol,  429 
Somnal,  379 
Soot,  203 
Sorbin,  362 
Sorbinose,  362 
Sorbite,  357 
KiarbiK'l.  357 
Soioiodolr  459 
Spar,  heavy,  767 
S[nirteine,  47^ 
Specitic  gravity,  1 1 
Spectra,  absorption,  38 
Spectroscoi>e.  34 
Siieclnim,  i^ 

analysis,  37 

continuous},  36 

solar,  36 
Spelter,  271 
Sphalerite,  270 
Spirit  of  Mindererus,  247 

methylated,  346 

wood,  345 
Spirits.  325 

of  nitre,  378 
Sprue,  551 
Stannum,  218 
Starch.  367 

paste,  367 
Steapsin,  548 
Stearin,  383 
Stearoptenes,  323 
Steel,  292 

Bessemer,  292 
Stercobilin,  519 
Stercorin,  591 
Stibin,  195 
Stings,  530 
Stochiometry,  103 
StoUite,  2S7 
Stomacli  pump,  534 
Stone,  blue,  250 
Storax,  330 
Stout,  349 
Stramonium,  529 
Strontianite,  264 


Strontium.  264 

acetate,  265 

bromide,  265 

carboaatc»  205 

chloride,  264 

iodide,  265 

lactate,  265 

nitrate,  265 

oxides,  265 

phosphate,  265 

sulphate,  265 
StropU&tilhin,  494 
Slrychninc,  4S5,  529 
Stjrenc.  436 

Sublttnote*  corrotive,  277,  527 
SuUinuULon.  28 
Subatitutiof]  proditclii,  336 
Sulcus  ealericiis,  587 
Sucrates,  363 
Sugar,  barley,  363 

cane,  362 

p-ape,  359 

ill  urine,  624 

invert,  363 

liquorice,  493 

malt,  365 

milk,  364,  591 

of  lead,  224 
Sugars,  358 
Suine,  3SS 

Sulphates  in  urine.  540,  613 
Sulphates,  le^ts  of,  1 60 
SulphocQxbolate,  335 
Sulphocarbonalcs,  213 
Siil]>hocyanatw,  216 
Suljjhonal,  40J 

Sulphanate,  beta-nap blhol,  404 
Sulptiar,  152 

flowers  of,  153 

liver  of,  242 

roll.  [53 
SulpbLireted  hydrogen,  I55 
Sulphuric  ether,  375 
Sulphiirijus  bromidCit  157 

chloride,  156 

iodide,  157 

oxide.  157.  i6S.  53© 
Superptios[>bate  of  lime,  262 
Sylvitc.  237 
Synaptase,  545 
Syncopants,  528 
Synthesis,  animal,  536 
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f          Synthesis  of  organic  oonipounds,  337 

^ 
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■ 

Tetramethylommonium,  444 

^^M 

i>>-nionJn.  504 

Tctroses,  35S 

^^^^^M 

Syrup  ipccacuanhx,  525 

Thclwine,  475 

^^^^H 

soothing,  528 

Thcine,  481 

^^^^M 

ipccitic  gravity  of,  16,  66l 

Theobromine,  486 
Theory,  deBnitton  of,  g 

^^M 

'T^ABI.E  of  behavior  of  soluble  pro- 
i      tcids,  497 

Therapin.  386 

^^^^H 

Thenual  unit,  29,  556 

^^^^H 

of  chemical  elements,  80,  Si 

1  hermoroctcni,  30 

^^^^^1 

of  compuund  radicals,  91,  314 

Thrush,  551 

^^^^H 

of  diet,  560 

Thvmol,  326,  430 

^^^^1 

of  digestive  juices  and  llieir  fer- 

Tin, 21 S 

^^^^H 

ments,  576 

chloride,  527 

^^^^^1 

of  electro-chemical  series,  86 

compounds  of,  219 

^^^^^M 

of  idcntilicalion  of  principal  tixed 

foil.  219 

^^^^1 

oils,  39I 

sheet,  219 
stone,  219 

^^^^^1 

of  solubility  of  chemicals,  661 

^^^^H 

of  specific  graviiiei,  660 

Tincal.  234 

^^^^H 

of  wave  lengths,  jj 

Tinctures.  348 

^^^^1 

of  weights  and  measures,  656 

Tinctures,  sp.  gr.  of,  16 

^^^^^M 

Talc,  268 

Tolu.  330 

^^^^^M 

1           Tallow.  3S8 

Toluene,  333 

^^^^U 

Tannin,  496 

dihydroxy,  434 

^^^^H 

Tanrcl*s  test,  619 

Tom  la,  550 

^^^^H 

Tantalum,  284 

Toxalbumin.  489 

^^^^^1 

Tartar,  cream  of,  343,  42a 

Toxicological  analysis,  18S 

^^^^1 

crude,  343 

Toxins,  491 

^^^^1 

Tartar,  emetic,  344,  433,  536 

Treacle,  360 

^^^^^B 

soluble,  343 

Triacetin,  383, 

^^^^H 

Taurin,  453,  465 

Tricalcium  phosphate,  262 

^^^^H 

Tellurium,  161 

TricreM>l,  438 

^^^^^1 

Temperature,  critical,  127,209 

Tricupric  carbonate,  251 

^^^^H 

definition  of,  39 

Trilaurin,  383 

^^^^^1 

standard,  3o 

Trilinolein,  383 

^^^^H 

Terebene,  or  terpin,  331 

Trimethylamin,  443 

^^^^1 

Tcri^cncs.  320 

Trimyristin,  383 

^^^^H 

Terpin,  hydrate,  321 

Tri&tearin,  3S3 

^^^^H 

Terjrinene,  331 

Tri  meth  y  1  -ox  yi  hy  1  am  moni  ann 

^H 

Terra  alba,  261 

Tri  methyl-vinyl  ammonium, 

445      ^^H 

Test.  Bethcndorf's,  193 

Triolein,  384 

:                   Boas'.  581 

Triphalmitin,  383 

^^^^H 

elaidin,  393 

Trioscs.  358 

^^^^H 

Ewald'ssalol.sSs 

Trisacchartds.  358 

^^^^^1 

1                   Fleitmaiin's,  I93 

Triple-phosphate,  636 

^^^^1 

1                   Gmelin's,  630 

Trommer's  test,  635 

^^^^^^^1 

GunzLurg's,  581 

Tropicolin,  580 

^^^^1 

1                   Guiiicil's,  193 

Tropelnes,  479 

^^^^H 

Marsh's,  191 

Trypsin.  542,  548,  586 

^^^^H 

Pcttcnkorcr's,  466 

Tuberculin.  491 

^^^^^^H 

Reinsch's,  191 

Tubcrculocidin,  491 

^^^^H 

Trommer's,  625 

Tongstales,  287 

^^^^1 

1           Tetanin,  490 

Tungsten,  287 

M 
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Tunicin,  371 
Tunneric,  521 
Turnbull's  blue,  317 
Turpentine,  320 
Tuipeth  mineral,  280 
Types,  ammonia,  440 

water,  440 
Typhotoxin,  489 
Tyrein,  505 
Tyrosin,  638 
I'yrotoxicon,  489 

URANIUM,  285 
Urates,  633 
Urea,  456 

estimation  of,  614 
origin  of,  458 
Uretbane,  379 

t«u,  379 

Urinary  deposits,  633 

pigments,  607-519 
Urine,  605 

analysis  of,  605 

black,  520 

chlorides  in,  610 

color,  606 

composition,  606,  649 

general  properties,  605 

odor,  610 

phosphates  in,  612 

quantity,  606 

reaction,  605 

specific  gravity,  609 

total  solids,  609 
Ultzmann's  test,  631 
Urinometer,  13 
Urobilin,  607-520 
Urochrome,  608 
Uroerythrin,  608 
Urohctmatin,  518 
Uromelanin,  520 
Urostealite,  647 
Uroxanthin,  607-519 

VANADIUM,  284 
Vanillin,  .397 
Vapor,  watery,  in  air,  164 

density,  304 
Vaseline,  319 
Veratrine,  4S5 
Verdigris,  251 
Vermilion,  ^o 


Vinegar,  411 
Vitellin,  501,  514 
Vitriol,  blue,  250 

g««n,  293,  5*7 

white,  272 
Volt,  56 

international,  58 
Vulcanite,  322 

WASTE,  elimination  of,  5S4 
Water  130,  537 
alkaline,  148 

analysis,  137 

chalybeate,  149 

character  of  ^iod  drinking,  137 

glass,  318  - 

hardness  of,  139 

ice,  136 

laurel,  538 

lime,  260 

mineral,  148 

natural,  134 

of  constitution,  369 

of  crystallization,  76 

potable,  135 

purification  of,  147 

rain,  135 

saline,  148 

snow,  135 

soda,  209 

spring,  136 

sulphureted,  148 

surface,  137 

thennal,  149 

vapor  of,  164 

well,  136 
Waters,  acid,  149 

biological  examinjition,  I46 

carbonated,  14S 

deficiency  of,  538 

detection  of  impure,  603 

medicated,  348 
Watt,  57,58 
Wax,  mineral,  318 
Weight,  atomic,  85 

molecular,  84 
Weights  an<l  measures,  tabic  of,  657 
Wemer-Schmid  process,  598 
Whiskey.  349 
While  lead,  223,  334 

permanent,  334 

p^cipitate,  278 
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celleni  traii»laiiitii,  brought  into  proiniuence  one  o(  the  beat  aad  most  Icceilt  books  upon 
the  Kclcticc  of  chemistry." 

Frt*m  the  Science  Peconf.  Poston:  "  XotwithstnnJtiiK  the  mullilude  of  tcxt-bm>ks  rni 
chemistry,  there  is  always  room  for  a  goo<i  one.  .mtl  the  iiresctit  work  will  uiidrmbtcdly 
fall  under  ihi*  head.  Prof.  Von  Kichlcis  work  met  with  K'Cftl  success  ubTOftd.  rpwitiR  to 
its  unusual  merit.  In  presenting  the  subject  to  the  student,  the  author  makes  a  |»oint  to 
hriiHt  out  prominL-ntly  the  lelalinns  exisliii)j  between  fact  nnd  ihcory,  tiK>  nMnTiioiilv  con- 
sidered M}iai1.  .  .  .  The  i»erio<1ic  system  is  *n  (rented  as  to  prove  a  rcallv  valuable  aid 
to  the  student,  ami  csueclaHy  in  ttieieUtionsof  thcmctiils.  .  .  .  Von  Ru  liter's  text-book 
deserves  a  Itcarts  welcome  at  the  hand^  of  teachers  of  chemistry  desirous  of  in^lruiling 
111  nu>dern  ihcoric^t  and  on  a  raliimal  basis.  This  (raiLslatiun  is  neatly  piinled  on  [i;iper 
of  light  wetKliI,  making  a  ver>-  convcnietil  handbook." 

THE  CHEMISTRY  OF  THE  CARBON  COMPOUNDS, 
or  Organic  Chemistry.  Third  .American,  from  a  new  Clerman 
Edition.     Thoroughly  Revised.     Illustrated.     lamo.        Jn  Pr^ss. 

From  T.  H.  H'ramf^i'lmeier.  A^'t  Pmf.  of  Organic  CMemi»irv  and  P/iaimary,  tV/- 
vertity  -f  Mickixan,  Am-  Aibot :  "  I  shall  feconiroeitd  it  to  my  classes  as  the  aasT  TUXT- 
■OOK  on  organic  chemistry.  " 

Fr\im/.S.  SeMaHck,  Pnncetott  College,  ^f.  J.:  "I  consider  It  one  of  the  choicest  worka 
on  orgiinic  chemistry." 

i  From  l*ror.  F.  P.  Venahfe.  ('Hiversity  of  iXorth  Carfltna,  CMafiet  //(//.A*.  C:  "  Tb€ 
mHhod  of  dividing  and  croupiiiK  is  a  itreat  aid  to  the  memory  and  to  an  hitelliitcnl  con* 
ception  »>f  the  aulyrct." 

From  Sam'l  T.  Saii/ler,  Prnf.  c^f  General  and  Organic  Chemistry.  Ckivertity  iff  Penm' 
tylvanta.  and  Pn>/  of  Cftewisttr.  Phtltt4te/^hia  College  of  Pharmacy.-  "  It  present*  in  a 
toncise  form  the  tuo»i  m'^tern  views  ^r  the  iheorv,  und  Ktves,  moreover,  many  very  prac- 
tiinl  mdhtMJs  .  .  .  The  rreshues«  of  its  infonimtioii  m»y  be  noted.  ...  I  cotMldcr 
it  compares  favorably  Mrith  any  liook  apoit  this  suhicct  in  the  Bnt^liih  lancuAKc." 

Prof.  Kichtrr*5  mctliCHls  of  itmtn^ri^mL'nt  aikl  irachinf;  hnve  proved  their  superi- 
ority \jy  the  largr  snip  of  hi*  U>ol(s  thiuugliout  Kun)|K',  Intn^lntiuns  luiviny  brrn 
mailr  in  Kuvtia,  Iliill.tiul,  .in<l  Itnly.  The  Mtcce^s  .nllcti'ling  the  putiltcaitoii  in  (hia 
country  couM  only  Imve  Inren  ntlainnl  for  goo*l  look*  thnt  hnve  Ixrcn  found  useful, 
practical,  and  tliarouyhly  up  to  (lie  tiiiic-^.  .\Itnost  ever)-  teacher  vt)\o  has  exAiiuiinl 
thcni  tuui,  wilhfHit  he*iiliUiot),  f;iven  a  tt-Alimonial  of  their  value,  and  in  ibe  laige 
numl«r  of  srhoo}5  nnd  coltcf^cs  in  which  they  hsve  l«en  Adopted  u  textbooki 
they  have  stcKxl  the  te»t  of  time  and  use, 

f9- RICHTER'S  CHEMISTRIES  are  recommended  at  many 
prominent  Schools  and  Colleges.    Descriptive  Circulars  upon  application. 


I 

i 
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BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS. 


ALLEN.     Commercial  Organic  Analysis.     A  Tr 
the  MuUes  of  Assaying  ihc  N'ariuus  Organic  Chemicaband 
employed  in  the  Arts,  Ntannfacuircs,  Sledicine,  etc.,  wiih  Co 
Methods  for  the  Detection  of  Impurities,  AdiiUeralions,  etc. 
Edition.     Revised  and  Knlarged.     By  Alfred  Allln,  r.c.s. 
Vol.  I.    Alcohols,  Ethers,  Vegetable  Acids  and    Fillers,  Si 
and  its  Isomers,  etc.  Out  of 

Vol.  II.  Fixed  Oils  and  Fats.  Hydrocarbons  and  Mineral 
PhcnoUand  their  Derivatives,  Coloring  Matters, etc.    Otstef 
Vol.  HI. — Fart  I.  Acid  Derivatives  of  Phenols,  Aromatic  A 
Tannins,  Oyes,  and  Coloring  Matters.  Out  of 

Vol.  IIL— Partll.  The  Amins.  Pyridine  and  its  llyd 
Derivatives,  the   Antipyretics,   etc.,  Vegetable   Alkaloi 
CofiTce,  Cocoa,  etc.     8vo.  Clot 

Vol.  HI.— Part  III.  JSTearty  Rt 

BARTLEY,     Medical   and   Pharmaceutical  Chemis 
Fourth  Edition.     A  'IcM-Uouk  for  Medical  and   Pharmaceu 
Students.     By  E.  H.  Bartlev,  m.d.,  Professor  of  Chemistry 
Toxicology  at  the  Long  Island  College  Hospital;   Dean  and 
fessor  of  Chemistry,  Brooklyn  College  of  Pharmacy;   Preside 
the  American  Society  of  Public  Analysts;    Chief  Chemist, 
of  Health,  of  Brooklyn,  N.  V.     Revised  and  Enlarged.      9a 
trations,  Glossary,  and  Complete  Index,     izmo.     711  p       ~ 

Cloth,  52.75;  l^aih 

"I  hove  been  using  ihis  work  for  several  years,  and  have  during 

rrioU  includtrd  it  among  the  lcxl-lx»oks  for  ihcMudenU  of  thib  Colle|*e. 
am  glad    to  note  ihc  rnlargcmrnt    and    improvement  in  the  present 
especially  the  chapters  upon  Kew  Synthetical  C'oni[)ounds  and  upon  r*hys.ioI 
and  Clinicfl!  Chen)istry,  and  ara  sure  that  tlie  usefulness  and  poputftnlv 
work  wdl  l*c  corrp5|>ondingly  increased  thereby." — Dr.  Theo.  S.  Cnsr,  /V 
c/  Chemistry.  Kanuis  Cify,  J/.7. 

BLOXAM.     Chemistry,    Inorganic    and   Organic,     V 

Experiments.     By  Charles  L.  Bloxam.     Edited  and   Revised 
J.  M.  Thompson,  Professor  of  Chemistry  in  King's  College, 
don,  and  \.  G.  Br.oxAM,   Head  of  Chemistry  Department, 
Goldsmith  Institute.  London.    Eighth  Edition.    Enlarged.     281 
gravings,  20  of  which  are  new.    8vo.    Cloth,  $4. 25  ;  Leather,  $i 

This,  die  eighth,  c<liiion  of  "  B/oxam'i  Ck^mtiifry  "  hn*  l»ecn  very  ih< 
rerised  and  as  faraa  positible  brought  up  to  date.     Many  changes  have  liecn 
though  the  general  arrangement  remains  the  same.     The  sections  on  exploAn 
which  the  woik  owes  consKlerahle  reputation,  h.irc  been  carefully  gone  over, 
is  a  standard  work  and  is  one  of  the  most  popular  lext-liooks  now  tssued, 
some  respects  more  thorough  and  complete  than  nny  other  work. 


^ 


The  prices  of  these  books  arc  net    No  discount  allowed  retail  pur< 


BOOKS  FOR  CHEBUSTS  AND  MANUFACTURERS. 


CALD\VELL.  Chemical  Analysis.  Elements  of  Qnali- 
lativc  and  Quantitative  Chemical  Analysis.  By  (I.  C  Caldwell, 
B.s.»  Pit.D.,  Professor  of  Agriciiltnral  and  Analytical  Chemistry  in 
Cornell  University,  Ichaca,  New  York,  etc.  Third  Edition.  Re- 
vised and  Knlarged.     Octavo.  Cloth,  $1.50 

Tills  Look  htt^  been  extensively  "sed  \a  American  Schools  and  Colleges,  and 
need»  no  special  intioduclion.  Written  to  supply  Prof.  Cald\«cU's  need  in  bi» 
own  work,  it  Is  an  enitiiently  praclical  and  complete  tcxttxx>k.. 

Copies  sent  for  Exuutnmion,  $1.20,  poblpaid. 

CLOWES  AND  COLEMAN.     Elementary  Qualitative 

Analysis.  Ada|itcd  for  l*sc  in  the  Laboratories  of  Schools  and 
Colleges.  By  Frank  Clowes,  d.sc.,  Prof,  of  Chemistry,  and 
J.  Beknako  Coleman,  Dem.  of  Chemistry,  University  College, 
Nottingham,  England.     Illustrated.  Cloth,  Ji.oo 

HOLLAND.  The  Urine,  the  Gastric  Contents,  the 
Common  Poisons,  and  the  Milk.  Memoranda,  Chemical  and 
Microscopical,  for  Laboratory  Use.  By  J.  W.  Holland,  m.d., 
Professor  of  Medical  Chemistry  and  Toxicology  in  Jefferson  Med- 
ical College,  Philadelphia.  Fifth  Kdition,  Enlarged.  Illustrated 
and  Interleaved.      lamo.  Cloth,  $1.25 

*'Tliis  manual  deserves  to  be  gcnemtly  adopted  in  medical  schools  and  by 
physicians. " — Science. 

"  l>r.  Holland's  iKxtk  seems  (o  contain  nearly  everything  thai  could  be  desired 
without  covering  many  pi»g«^*.     .     .     .     Altogether  we  can  recommend  this  book." 

LEFFMANN.  Compend  of  Medical  Chemistry,  Inor- 
ganic and  Organic.  Including  Urine  Analysis,  Chemistry  of  Tissues 
and  Secretions,  Table  of  Symbols,  Valencies,  Atomic  Weights,  etc. 
By  Henrv  Lefpmann,  m.d.,  Prof,  of  Chemistry  and  Metallurgy  in 
the  [Pennsylvania  College  of  Dental  Surgery  and  in  the  Wagner  Free 
Institute  of  Science,  Philadelphia;  Hygienist  and  Food  Ins[)cctor 
Pennsylvania  Stale  Board  of  Agriculture,  etc.  Fourth  Edition. 
Cloth,  .So.     Interleaved  for  the  addition  of  Notes,  $1.35 

The  Coal-Tar  Colors,  with  Sj^ccial  Reference  to  their 
InjuHoiw  Qualities  and  the  Restrictions  of  their  Use.  A  Trans- 
lation of  Theodore  WeyPs  Monograph,     izmo.        Cloth,  f  1.35 

Progressive    Exercises    in    Practical    Chemistry.       .V 

I.aboratury  Handlwok.  Illtisiratcd.  Second  Kdition,  Re\ised 
and  Enlarged.      1  zmo.  Cloth,  ^1.00 

•^*  See  also  Water  and  Milk  Analysis,  pa^e  lo. 

The  prices  of  these  books  are  net.    Ho  discount  allowed  retail  parchascrs. 


BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS, 


MUTER.      Practical    and    Analytical    Chemistry 

John  MOter.k.r.s.,  f.l.s.,  etc.  Fourth  Ediiion.  Revised,  lo  i 
the  re(|uiremenLs  of  American  Medical.  Pharmaceutical,  and  D< 
Colleges,  by  Ci^UDE  C.  Hamilton,  m.u.,  Frofcssor  of  Aiialv 
Chemistry  in  University  Medical  College  and  Kansas  City  Co 
of  Phannacy.     51  Illustrations.  Cloth,  $ 

'•  I  find  your  Miitcr'f  Analj-licnl  Oicmi<-lr>'  giving  great  satisAiction  tl 
classes  in  cheniicnl  annlyiis." — frcf.  c'/tus.  £.  Dukfrum^  Jr.^  -^'rrtiffr  StU 
Laboratory,  Mount  Jlermtm  Sihf^i,  Mount  Utrmon^  J/djj. 

**  MUtcr's  ManuiU  of  Analytical  Clicmisliy.  several  i^revtou-*  edJticvts  of  1 
we  have  noticed,  now  appears  revised  in  an  American  edition  by  r>r.  Clmic 
Hamilton.  This  Revision  is  t(aiic<l  upon  the  fourth  lingli&h  edition.  The  4 
has  made  only  such  changes  as  were  rc<|uircd  (o  adapt  the  book  to  the  U.  S.  ] 
macn|xcia,  exce|>t  in  the  chapter  un  unnc  analysis,  which  ha&  Iven  enlarged  ■] 
which  cut*-  of  microscopic  sediments  and  other  i)lu<>trat!ons  have  been  added. 
cbajiter  on  water  analysis  has  Iwen  altered  to  corrcspoitd  wiih  Wanklyn's  met! 
05  they  arc  roo'^t  yeucrally  uhcd  in  America.  Several  other  prc-ce^ses  hnvc 
added,  such  a^  estimation  of  chloral  hydrate,  of  fat  in  mtik,  etc.,  and  \-«| 
minor  changes  in  nrrangement  have  been  made  in  the  interest  of  ccmvenieiu 
usini;  the  treatise." — The  Popnhr  Sdrtuf  Mvnthly. 

VAN  NUYS  on  The  Urine.  Chemical  Analy'sis  of  Heal 
and  Diseased  Urine,  Qualitative  and  Quantitative.  By  T.  C.  ^ 
NuYS,  Professor  of  Chemisiry,  Indiana  Univereity.  39  Illustrati^ 
Octavo.  Clolh,  %x 

TYSON.     Guide  to  the  Practical  Examination  of  Uri 

Ninth  Kdition.  By  J  amis  Tyson,  m.d.,  Pro'essor  of  Clinj 
Medicine,  Univereity  of  Pennsylvania.  With  Colored  Plate  1 
48  Illnstrations.     Ninth  Edition.     i2mo.     276  pages.    Cloth,  %\ 

SMITH,  Electro-Chemical  Analysis.  By  Edgar  F.  Sui 
Professcr  of  Chemistry,  University  of  Pennsylvania.  Sec 
Kdition.     Enlarged.     28  Illustrations.     i2mo.  Cloth,  ^j 

*^t*'n)is  hook  hns  recently  !»ecn  translated  into  German  Ijy  llr.  Max  EIm 
of  Berlin,  and  published  by  Weidinann  of  ihe  ^atne  city. 

•*  Tlie  greatest  advantage  of  the  electrolytic  method  of  analysb  is  its 
pHcity.  We  do  not  re(]uirc  to  introduce  materials  the  purity  of  which  often  lc 
something  lo  1»  de>ircd.  and  which  have  to  he  again  removed,  frequently  al 
cost  of  much  time  and  trouJ'lc.  Ilrncc,  where  avaitnMe,  the  electrolytic  me 
of  analysis  |x>i>scKse<i  an  indisputalile  advantage,  ^^'e  ho^>c  that  l*ix>f.  Sta 
little  work  will  call  increased  aUeniion  lo  thi&  branch  of  mineral  auitlysis, 
Ckemifat  Xnt'n^  Lritifoii. 

••Dr.  Sitiith   has   given  a  great  deal   of  study  lo  this,   bianch    of  chra 
Bnalysis.  and,  a&  might  have  been  expected,  he  has  produccil  a  thorou, 
book." — T^/  J\mri\al  of  AHafytiidf  Chemistry^  EostOH,  Pa. 

**  t'hemi^ts  will  find  lliis  little  h(x>k  an  excellent  guitle  to  aknowlodi 
methods  of  quantitative  analysts  by  electrolysis." — Atttcriran  Otemutif  Ji 
Baltimore,  Aftf. 


The  prices  of  these  books  are  net.    Ho  discount  allowed  retail  pui 


BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS- 


SMITH  AND  KELLER.  Experiments.  Arranged  for 
Students  in  Oencral  (Chemistry.  By  EDiiAR  K.  Smith,  Professor  of 
Chemistry,  University  of  Pennsylvania,  Translator  of  Richier*s 
Chemistries,  etc.,  and  Dr.  H.  V,  Keixer,  Professor  of  Chemistry, 
Philadelphia  High  School.     Third  Edition.     41  lUus.     Cluih,  .60 

"This  series  of  exercise*,  based  on  the  authors'  experience*  with  their  own 
classes,  is  intended  to  accompuny  any  coDvenicul  ie\l  txx>k  of  inorganic  chcmii^try ; 
Init  reference  is  made  to  tli.it  of  Kichtcr.  UcKiiininj;  with  fuiKlainrnlnl  upcratiuiiK 
ias  with  hlowrpipct  gLiss  tul'ing,  U^lancc.  ami  graduolcs)  uiitl  grncrul  principles 
(as  the  difference  Iietween  cliemical  and  ph>-sical  cliange).  the  course  proceeds  lo 
ihe  study  of  )iy<lrogea  and  other  non-inelals  in  Part  I,  followed  by  llic  melals  in 
Part  11,  (^)uantilalive  relation*  arc  well  presented  in  (he  experimental  work  and 
stolchiomclricnl  problems,  as  in  determining  the  //oiuivalcut  of  zinc,  the  density 
of  C/,  cudioinctric  cumttistion  of  methane,  etc.'" — Sufttif. 

STAMMER.  Chemical  Problems.  By  Karl  Stammer. 
Translated,  with  Answers  added,  by  Prof.  W.  S.  Hoskinsom,  a.m., 
Wittcnl>erg  College,  Springfield,  O.     ismo.  Cloih,  .50 

"An  excellent  practical  work,  just  what  every  thorough  teacher  of 
chemistry  needs." — Th^  Xna  York  'fhwkcr. 

SUTTON,  Volumetric  Analysis,  a  Systematic  Handbook 
of;  or,  the  Quantitative  Kstimatinn  of  Chctnical  Substances  by 
Measure,  applied  lo  Liquids,  Solids,  and  Ga.ses.  Adapted  to  the 
requirements  of  Pure  Chemical  Research,  Pathological  Chemistry, 
Pharmacy,  Metallurgy,  Manufacturing  Chemistry,  Photography, 
etc.,  and  for  the  Valuation  of  Substances  used  in  Commerce,  Agri- 
culture, and  the  Arts.  By  Francis  Sutton,  f.c.s.,  i-m.c,  Public 
Analyst  for  the  County  of  Norfolk.  Seventh  Edition.  Revised  and 
lmi>roved.      102  Illustrations.  In  Press, 

SYMONDS.  Manual  of  Chemistry,  for  Medical  Students. 
By  Brandrktii  Symonds.  a.m..  m.i>.,  Ass't  Physician  kooscvelt 
Hospital,  Out-Paiient  Department ;  Attending  Physician  North- 
western Dispensary,  New  York.     Second  Kdition.         Cloth,  52.00 

TRIMBLE.  Practical  and  Analytical  Chemistry.  Being 
a  cumplcie  course  in 'Chemical  .Vnalysis.  By  Henkv  Trimble, 
PH.M.,  Professor  of  Analytical  Chemistry  in  the  I*hiladelphia  College 
of  Pharniarv.     Fourth  JCditlon.      Ilhistraled.     8vo.      Cloth,  $1.50 

WATTS'  Inorganic  Chemistry.     (Being  the  Fourteenth  Edi- 
tion of  Fowne's  Inorganic  Chemistry.  )    By  Henry  Watts,  b.a., 
K.R.s.     Plate  of  Spectra  and  Illusiralions.      lamo.         Cloth,  $2.00 
Organic  Chemistry.     Second  Edition.     By  Wm.  A.  Tii.dex, 
D.sc..  r.R.s.    (Being  the  Thirteenth  Edition  of  Fowne's  Orcwic 
Chemistry.)     Illustrated.     i2mo.  Cloth.  52.00 


Tbe  prices  of  these  books  are  net.    No  discount  allowed  retail  purchasers* 


BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS. 

WOODY.    Essentials  of  Chemistry  and  Urinalysis. 

Sam  K.   VVoodv,  a.m.,  m.d.,   IVofessor  of  Chemistry  and    Pul 
Hygiene,  and  Clinical  lecturer  on  Diseases  of  Children,  in 
Kenlticky  School   of  Medicine.     Fourth  Edition.      Revised 
Tables  and  Illustrations.      i2mo.  JV^ar/y 

"The  f«ct  that  Prof.  Woody's  hule  book  has  rtaohnl  a  third  editk 
A  short  lime  is  sufTicienl  proof  of  its  usefulness  for,  and  drniand  by  tlie^__ 
sludeiU.  The  selection  of  the  material  and  iu  plan  of  presentation  rrsuUine 
the  nuihor's  large  ex(>erience  as  a  practitioner  and  teacher  of  mc^icnl  cheini* 
well  intended  to  offer  to  the  student  (hat  which  is  really  essentiul  for  hi*  li 
college  cnurse.  and,  it  is  to  lie  hope<l,  a  I^asis  for  future  inictrxtciion  in  the 
branch  of  medical  science." — AmerUan  Journal  of  AUdkat  Sci^nrt, 


TOXICOLOGY. 

REESE'S    Medical  Jurispnidence  and    ToxicologyT 

Text-book  for  Medicjl  and  Legal  IVactitioners  and  Snidenis. 
JoMS  J.  Reese,  m.u.,  late  Professor  of  the  Principles  and  PractI 
of  Medical  Jurisprudence,  intUiding  Toxicology,  in  the  Univcra 
of  Pennsylvania,  Medical  Dejtartment.  Fourth  Edition.  Rcvia 
by  IIen'kv  Lekkmann,  m.d..  Pathological  Chemist,  JefTerson  M^ 
cal  College  Hospital,  Philadelphia;  Hygienist  and  Food  lnsi>ecJ 
Pennsylvania  State  lloard  of  AgriciiUurc,  etc.      lamo.      624  pa^ 

Cloth,  S3.00 ;   I-cather,  $d 

*'  To  the  i'tudcnt  of  medical  jurisprudence  and  toxicology  it  is  tnv«luablej 
it  ia  concise,  clear,  and  thorough  in  ever)*  respect." — The  Ametii^awt  JoNrnffL^ 
iht  A/eJiidi  StUHivi. 

"The  Ijooli  happily  meets  the  needs  of  students,  and  we  unc|ijuUifi< 
mend  it  " — Amfricau  PraciUioHfr  and  Netos,  Lonhx'ith. 

*'  The  Itook  will  Iw  found  to  be  a  useful  one,  and  ai  such  we  comi 
students  of  law  and  medicine." — Marshtill  D.  F.utU^  Dfan  0/  if%e  A* 
ScAoo(t  Chicago. 

TANNER'S  Memoranda  of  Poisons  and  their  Antidi 
and  Tests.  Py  Thos.  H.wvkEs  Tanner,  m.d.,  k.r.c.p,  Sevci 
American,  from  the  last  London  F.dition.  Revised  by  John 
Rerse,  M.n.,  Professor  of  Medical  Jurisprudence  and  Toxi< 


in  the  University  of  Pennsylvania,     lamo. 


Cloi 


"  The  fact  of  any  technical  work,  creat  at  smflll,  teaching  it?  st-vcnth 
speaks  for  itself.     In  the  most  conden-^H  form  are  given  the  histf.ry  of  ix>tj«j 
their  ontidntes  and  varioun  mechanical  niethoti*  for  overcoming  the  tendency  trn 
death.     Tlir  principal  cli.inKcs  in  the  new  edition  have  l)een  the  sul^ij 
modem  chemical  nomenclature  and  the  timi&sion  of  ol>solele  |xirtion5 
text.     The  toxicology  of  poisonous  food  has  iKcn  presented  ns  fiilly  ks 
characler  of  the  l<ook  allows." — Medknl  Ktcx^rd,  S'nv  York. 


The  prices  of  these  books  are  net.    No  discount  allowed  retail  pui 


TECHNOLOGICAL   BOOKS. 

GROVES  AND  THORP.  Chemical  Technology.  The 
Application  of  Chemistry  to  the  Arts  and  Manufactures.  Edited 
by  Charles  K.  Groves,  f.r.s.,  and  \V\t.  Thorp,  b.Sc..  k.i.c.  In 
about  eight  octavo  volumes,  with  numerous  IlUisirations.  Each 
volume  sold  separately.     See  Pa^c  2  of  this  Catalogue. 

Vol.  I.  Fuel  and  Its  Applications.  By  Dr,  E.  J.  MiLts, 
F.R.S.,  Professor  of  Chemistry,  Anderson  College,  Glasgow;  and 
Mr.  F.  J.  Rowan,  c.k.,  assisted  by  an  American  ex|)ert.  607' 
Illustrations  and  4  Plates.     Cloth,  $5.00;   Half  Morocco,  $6.50 

'*  It  is  without  ddubl  ihe  matt  useful  and  comjirchetiaivc  book  in  the  Knglii^h 
lan^agc  on  fuels,  and  is  a  valuable  acquisition  to  our  standard  books  of  rrfer- 
eiac. " — Journal  of  the  Fiankli$t  /nsiifitU. 

*'  It  covers  n  wide  range  of  Icnowletlge,  and  should  l)C  at  the  ell)OW  of  fvrry 
intelltgeiU  and  progressive  nuuiuracturrr." — 7^«r  Iron  TrttJe  /inuno^  Clfi'fhnd. 

*'  The  iMXik  will  be  very  uwful  for  reference,  and  shonld  b*  of  c*pcciftl  value 
to  the  inventors  and  experimenters  or  users  of  processes  or  appliances  for  iJie  com- 
bustion of  fueU,  ^ince  in  it  can  Ijc  found  a  record  of  a  large  part  of  the  nielliuds 
hcretf'forc  proposed  and  adopted.  Where  critical  remarks  are  mode  they  appear  to 
be  judicioiti.  The  illusiratioiis  arc  very  nuniemus  and  are  well  selected.  An 
immenftc  amount  of  informatioii  has  been  crowded  into  these  closely  printed  802 
pages." — Kn^inef  ring  ami  Mining  Jon  riuil,  AVrt'   York. 

**Thc  lx)ok  is  very  fully  illustrated,  05,  indeed,  the  nnlure  of  the  subject 
requires,  and  includes  a  large  numbrr  of  tables  giving  fuel  stati*<tics,  analyses  of 
different  fuels,  and  comp.iralive  results."—  The  Haihoiiti and  lingn^eering;  JoumaL 

Vol.  II.  Lighting.  Hy  \\ .  V.  Dent.  I.  McArthur,  L.  KiEt.n, 
F.  A.  FiEi  i>,  BovKRTON  Redwoop,  and  D.  A.  Louis.  35S  Illus- 
trations.    Octavo.    Just  Ready. 

Cloth,  54.00  ;  Half  Morocco,  $5-50 
Vol.  III.  Lighting— Continued.  ///  Press, 

*^  Dfscriffii'f  Ciriuiiir,  /j>/  0/  fflnstniticn':,  €(c.^  fret  upon  of^flii'ntion. 

GARDNER.  The  Brewer,  Distiller,  and  Wine  Manu- 
facturer. Giving  full  Directions  for  the  Manufacture  of  Hccrs, 
Spirits,  Wines,  Lic|uon>,  etc.,  etc.  A  Handbook  for  all  interested 
in  the  manufacture  and  sale  of  Alcohol  and  Its  Comixiunds.  Edited 
by  John  Gardner,  k.c.s.,  ICditor  of  ••Ctxilcy's  Cycloi>edia"  and 
"Hcasley's  Druggists'  Receipt  Book."     Illustrated.      Cloth,  $1.50 

"Trustworthy  and  valiMblc." — Girnum  <%tui  Amifi^tin  Brrttwrj'  JoHrnai, 
"A  very  cuniplctc  liaadljook. *' — B0it%mj\'urntit,'f  iSheniiitry. 

Bleaching,  Dyeing,  and  Calico  Printing.  With  Fomnila ; 
a  Chapter  on  Dye  Stuffs,     illustrated,      izmo.  Cloth,  ^1.50 

'•  A  serviceable  manual." — /rttvw/crr'  and  Mttnufaiturfrs^  Gazette. 

*'  Wofthr  the  confidence  of  the  large  clais  of  workmen  for  whom  it  i»  in- 
tended."— 7>.r///f  AV.-<«/\/. 

The  prices  of  these  t)ook&  are  net.    No  discount  allowed  retail  purchasers. 


BOOKS  FOR  CHEMISTS  AND  MANUFACTURERS- 


CAMERON.  Oils  and  Varnishes.  A  Practical  Handbook, 
by  James  Cameron,  f.i.c.  With  lllusiratious,  Formulre,  Tables, 
etc.      lamo.  Cloih,  1:2.25 

Soap  and  Candles.    A   New  Handbook  for   ManufactuTcrs, 
Chemists,  Analysts,  etc.     54  lUiistraiions.      i2ino.      C'lolh,  ^a.oo 

"  The  subject  i:>  thon>ugbly  treated  and  the  work  will  be  of  value  to  stodrnb 
ami  all  others  inier»ted  in  this  branch  of  manufactures." — Pi>fu/<ir  Sri^ncf  AVw, 

"The  book  shows  the  results  oi  wide  reading  snd  of  careful  collection  cf 
data.  .  .  .  We  can  recommend  it  to  any  one  inteic»led  in  ihc  tnaiiufacnmr  c4 
MKip  or  of  candles  a-t  a  worit  that  will  prove  uuAt  useful  to  him.  ** — T'k^  Jtmm*l 

of  tlu  Frttnkiin  Institute, 

OVERMAN'S  Practical  Mineralogy,  Assaying,  and  Min- 
ing, with  a  Description  of  the  Useful  Minerals,  etc.  By  Fkeuekio; 
Overman,  Mining  Engineer.     Eleventh  Edition.  Cloth,  ^i, 


WATER  AND  MILK  ANALYSES. 

LEFFMANN.     Examination   of  Water   for    Sanitary 
Technical  Purposes.     Presenting  those  Processes  that  are  Most  Ti 
worthy  and  Practical.      By  Hknkv   Lepfmann,  m.d..   Professor 
Chemistry  and  Metallurgy,   Pennsylvania  College  of    Dental 
gery,  Hygieniiit  and  Food  Ins|H^clor  Pennsylvania  State  Board 
Agriculture,  etc.     Third  Edition.     Revised  and  Enlarged.      Hliii- 
traled.      i2mo.  Cloth,  $1.25 

"This  is  a  well  compiled  and  useful  little  treatise."— itfUt/wrt  Zxttutf. 

"  An  admirable  digest  of  our  i^resent  knowledge."— /•'wrwa/  a/  AnaiyfiM 
Chemistry. 

••  It  ffivcsall  the  slandanl  mrthfxU  for  delennininR  the  constituents  of  waCcr, 
logether  with  a  particularly  valuable  chapter  giving,  in  brief,  the  biological 
naliou  with  detenntnali<>ii  of  cf»loaic«*  of  liacleria." — ScifHtific  Anrrrican. 

*'  Especioll)*  valuable  is  the  section  on  inlcqwrtalion  of  resuUs." — ^ 
atti/  Jitij^nffriug  J\J'fU's. 

BY   TIIF    SAME    AUTHOR. 


to  m^ 


Analysis  of  Milk  and  Milk  Products,    .\rianged 

the  needs  of  Analytical  Chemists,  Dairymen,  and  Milk  Ins|>ector«; 

i2mo.  Cloth,  %\.ii 

•*  The  book  is  one  which  will  be  useful  in  the  hand  of  the  daii-yman.  as  «tU 
as  in  the  hands  of  lho*e  whose  duty  it  is  to  see  that  he  deals  fairly  with  his  Cm 
tunjers." — Lptition  Sii$tifat\'  Knon/. 


The  prices  of  these  books  are  aet.    No  discount  allowed  retail  pQrchascr& 


MICROSCOPICAL   BOOKS. 

CARPENTER.  The  Microscope  and  Its  Revelations.  By 

W.  U.  C-ARi'KNTEK,  M.U..  F.R.s.  Scvenili  ICdi'tioii.  J^y  kev.  1>h. 
DALt.iXfiER,  F.H.s.  Revised  and  Enlarged,  with  Soo  Illustrations 
and  2\  Lithographs.     Octavo,     iioo  pages.  Clolh,  $5.50 

'*  Tbc  lK»k,  therefore,  cannot  fail  to  be  of  'value  to  chemistft  and  others  at 
iron  works  intrmtc^l  with  the  micrflscopical  examinalion  of  the  metals  wilh  which 
ibey  deal.''— ;7'/ic  .7«*'r/«rf«  A/(inu/(tr/nrfr,  Pittiburgh, 

"  Every  one  who  has  a  mtcrof*cope  will  need  also  Carpenter's  l>ook  to  gel  the 
most  out  of  hii  instrunifMU,  and  every  one  wlio  has  the  bo«jk  will  tie  certain  to  want 
a  microscope." — Pof^ular  Stiencf  Atonthh. 

**  It  15  without  a  rival  in  its  particular  fic-ld,  and  is  beyond  question  the  IktsI 
single  work  on  the  subject^  not  only  In  Knglish  Init  111  any  other  language.  .  .  . 
A  splendid  specimen  of  the  bookmaker's  art." 

**  The  book  is  more  than  ever  a  standard,  unrivaled  in  il«  kind,  and  is  a  neces- 
sity to  ever)*  one  who  [>reteods  to  any  scientiltc  use  of  the  microbcoi»e." — Xnu  \Wk 
Evimng  Pat. 

WETHERED.    Medical  Microscopy.    By  Frank  J.  Weth 

EREi>,  M.D.,  M.R.c.P.      With  100  Jlluslraiions.      izino. 

Cloth,  $2.00 

REEVES.  Medical  Microscopy,  Including  chapters  on 
Bacteriology,  Neoplastns,  Urinary  Kxainination,  etc.  By  James  E. 
Reeves,  m.i*..  Ex-President  American  Bublic  Health  Association, 
etc.     Illustrated.      1 2tno.  Cloth,  $2.50 


THE  BEST  DICTIONARY. 

GOULD.     Illustrated  Dictionary  of  Medicine  and  Allied 
Sciences,    including    Chemistry,    Biology    (Zoology   and 
Botany).  Hygiene,  etc.     i^arge,  Square  Octavo.     1633  pages. 
Half  Morocco,)  .  it-.L  tu      1   t   j 

Full  Sheep,        ]  !^'°°°-     "  '^"  Thmnb  Index,  ^ii.oo 

Half  Riis.sia,  Thumb  Index,  ^i^-oo 

*«*  There  being  no  special  dictionaries  devoted  to  Chemistry  and  Biology, 
it  was  thought  etnineiiily  pro|x:r  to  include  both  the^!  sciences  in  thi^  )Mx>k.  Ilicy 
me  closely  rehitcd  to  medicine,  and  each  is  largely  de|>endent  upon  the  other*, 
(tould'a  IlluMmlfd  I>ktinnnr>- rnntnins  much  5i{>erial  inrorni.itbn  of  itnictital  use  to 
the  general  scientist.  Bacteriology  and  Parasitology  .ire  particulnrly  well  pre- 
senird.  while  the  numerous  tables  uf  Acids,  Alcohols.  .Mdchyds,  Carljohydralr*, 
Eleciric  llnits,  Kthers,  t'ootls,  Hydrocarlons,  Ijiwh,  Milks,  Oils,  l'igmenii<>,  Pto- 
msins.  Kevins,  Soa|M.  Siains,  Starches.  Supirs,  Test*,  Theories,  Wave  lengths, 
Weight*  and  Measurri,  etc.,  will  I«c  found  unujiie  and  fxceedinyly  valuuhle. 

iSr  Handsome  descriptive  circular,  with  sample  pages  ami  illu&tntions,  wilt 
be  iCDt  free  opoa  apftlicatioo. 


Tbc  prices  Of  these  books  are  net.    No  discount  aliowed  retail  purchasers. 


HYGIENE  AND  SANITARY  SCIENCE. 


COPLIN    AND    BEVAN.     Practical    Hygiene.      By  W, 

M.  L.  CoPLiN,  M.i>.,  Adjunct  Professor  of  Hyj^icne,  and  D.  Bfcv, 
M.D.,   .\ss't    l)e[arlment   of   Hygiene,  JelTerson    Medicd.1   Colh 
J^hilaUclphia  ;   Hacleriologist,  St.  Agnes'  Hus|iital.  with  an  inti 
tion  l>y  Prof.  H.  A.  Hake,  and  articles  on  Pluml»ing,  Vcntil 
etc.,  by  Mr.  W.  P.  Lockington.     13S  Illustrations^  sume  of  wl 
are  in  colurs.     8vo.  Cloth,  ^4,^ 

TABLE  OF  CONTENTS. 
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Introduction. 

Cbftpter  I.  Hyificne  -Health— CauBc  and 
Prevention  of  Diseaie. 
II.  Individual  or  Personal  Hy- 
giene. 
**        III.  Clothing. 
•*        IV.    Food  —  Examination    of 

Meats,  Liquors,  etc. 
'*        V.  Water— tts  Sourcea,  Storage, 
Distribution,  Puriftcation, 
Aoalyaia,  etc. 
"        VI.  Air. 


Chapter  VII.  Climate. 

VIII.  Soil. 

IX.  Habitations. 
X    Sewage— Ita  DUpoaal  c„ 

"         XI.  Dlspoaal  of  the  Dead 
•'        XII.  Techolc-Method*  of  CoU 
lectioK.    Preserving,  and 
Handling     Spcctmeos, 


Appendix. 

Index. 


Staining     Neceaaary  Ac- 

puaiua,  etc. 


The  many  special  sul>jects  con.sideretl  in  this  volume  rlcinAnde<1  much 
knowledge;  in  onler,  therefore,  that  the  ••lattineni*  niailc  should  he  aecunttr, 
authors  have  con'iuUcd   with  and  received  valuable  help  from  various 
in  Architecture,  Fotnl  Analysis.  Chemislrj*,  Heating,  Wulilalion,  etc. 

STEVENSON   AND   MURPHY.     A  Treatise  on    Hy- 
giene.   Ilhir^traied.     Kdited  by 'Thomas  Stkvensov,  m.i>.,  F.k.uti 
Lecturer  on  Chemistry  and  on  Medical  Jurisprudence  at  Guv's 
])ital,  Otficial  Analyst  to  the  ilunie  Office;  and  Shirlev  F.  M 
PHY,  Medical  Officer  of  Health  to  the  County  of  London. 

Vol,  I.  9  Plates.  186  Illustraiions.  1013  pages.  Cloth.  $6l 
Vol.  IL  45  Plates.  31  Illustrations.  S47  pages.  Cloth,  ^6, 
Vol.  IIL  Sanitary  Liw.  459  pages.     CloUi,  $5^ 

EACH  VOLUME  SOLD  SEPARATELY. 

"The  fiifTcrent    topics    are    fully  and    inlclligcntly  treated,    csp>cci»lly 
wlticli  relate  to  the  subjects  of  VenilliiUon,  Waier,  Soil,  Ko(xi,  Physical  Kducai 
the  DvvellinK,  and  the  ]>i*>po<<Al  i«f    Kcru.-.c.     The  work  is  fully   illustratn) 
jtlatcs,  diaf^ranis,  and  w(kk1 -cuts,  and  pains  ajipcir  lo  have  Ixrcn  inke-n  lo  liring' 
informalion  upon  each  toi>ic  up  to  dale." — 7'Ae  Boiton  MtiiUat  and  Su*  ~' 
Jvurttal. 

'*  All  the  topics  are  treated  witL  a  thoroughness  of  detail  leavinp  uoihin 
\it  desiretl.  The  i-ontcnts  arr  valiialilr  alike  lu  tht-  physician,  the  municipal  hi 
officer,  and  the  sanitary  engineer." — MftHctil  AV,v'rt/,  AVtj'  York. 

*'Tlic  additi'jns  whiLh  during  recent  years  have  l>een  made  to  our  knowlt 
of  preventive  frc<licine5  and  of  the  conditions  which  affect  health  detnaiid  Ul 
trealmenl  ihan  can  l>e  given  in  a  handbook.  The  suggestion  made  liy  die 
IVtresJHir  dc  Chaumnnl,  that  a  treatise  should  he  i^suLMl  containing  essays  by 
ous  authors,  was  therefore  well  wortliy  of  adoption,  for  il  is  obvious  ihal  specif 
knowledge  is  re({uircd  for  the  dtM:uii>iofi  of  eacn  of  the  Mveral  subjects  which  LTtmc 
within  the  scnpr  <if  ■siirh  a  work." — i  %'tttion  i.ittttct. 

*«*  For  complete  list  of  books  on  Hyg:lenc,  send  for  our  Special  Catalo|:ae4. 

THE  PRICES  OF  THESE  BOOKS  ARE  NET. 
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